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The development of oppida in the late ﬁrst millennium BC across north-western Europe represents a
major change in settlement form and social organisation. The construction of extensive earthwork
systems, the presence of nucleated settlement areas, long-distance trade links and the development of
hierarchical societies have been evidenced. These imply that changes in the style and organisation of
agriculture would have been required to support these proto-urban population centres. Hypotheses of
the subsistence bases of these settlements, ranging from a reliance on surplus arable production from
local rural settlements, to an emphasis on pastoral activities, are here reviewed and grounded against a
wider understanding of the expansion of agriculture in the Late Iron Age. These agricultural models have
not been previously evaluated.
This paper presents archaeobotanical data from six well ﬁlls from large-scale excavations at Late Iron
Age and Early Roman Silchester, a Late Iron Age territorial oppidum and subsequent Roman civitas capital
located in central-southern Britain. This is the ﬁrst large-scale study of waterlogged plant macrofossils
fromwithin a settlement area of an oppidum. Waterlogged plant macrofossils were studied from a series
of wells within the settlement. An assessment of taphonomy, considering stratigraphic and contextual
information, is reported, followed by an analysis of the diverse assemblages of the plant remains through
univariate analysis. Key results evidence animal stabling, ﬂax cultivation, hay meadow management and
the use of heathland resources. The staple crops cultivated and consumed at Late Iron Age and Early
Roman Silchester are consistent with those cultivated in the wider region, whilst a range of imported
fruits and ﬂavourings were also present. The adoption of new oil crops and new grassland management
shows that agricultural innovations were associated with foddering for animals rather than providing
food for the proto-urban population. The evidence from Silchester is compared with other archae-
obotanical datasets from oppida in Europe in order to identify key trends in agricultural change.
© 2016 The Author. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
A major change in the character and organisation of settlement
occurred at the end of the ﬁrst millennium BC in north-west Europe
with the emergence of oppida (Collis, 1984). Although the urban
status of oppida has been extensively debated (Woolf, 1993), these
sites mark a clear change in the organisation of daily life for their
inhabitants. Evidence for, or the lack of, agricultural activity at
settlements has long been used as key criterion in their urban
classiﬁcation (Childe, 1950; Weber, 1958; Finley, 1981), but today a
wide range of variation has been recognised in the type of agri-
cultural activities undertaken at urban centres (Cowgill, 2004, p.td. This is an open access article u
.A., Agricultural innovations
aternary International (2016)540). Nevertheless, an understanding of the range and scale of
agricultural practices undertaken at oppida will elucidate how
these settlements emerged in the last few centuries before Roman
expansion, as well as the social structure of the groups that
inhabited them. Oppida developed in central and western Europe
from the 2nd century BC (Collis, 2000; Moore et al., 2013). A wide
range of settlement forms are now recognised, from fortiﬁed hilltop
settlements to large, lowland agglomerations. In Britain, oppida
emerged later, from c. 100BC to AD70, and again, whilst diverse in
form, have shared characteristics of importedmaterial culture, craft
production, ritual activities, elite residence and extensive enclosure
systems (Haselgrove, 2000; Pitts, 2010).
The scale of agriculture has been considered within long term
cycles of settlement dispersal and agglomeration throughout ﬁrst
millennium BC Europe (Haselgrove, 1996; Kristiansen, 1998).nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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trasting soil types were widely used as the locations for oppida
(Haselgrove, 1976, p. 40; Collis, 1984, p. 174). This pattern has led to
the perception that agricultural activities were not signiﬁcant at
these settlements (Salac, 2000), or alternatively, that agricultural
innovations and intensiﬁcation were adopted in areas of marginal
soil (Hill, 1995, pp. 60e62, p. 84). Intensiﬁed agricultural produc-
tion has also been seen as a prerequisite for oppida development,
providing sufﬁcient food for a large non-agricultural population
(Brun, 1995; Danielisova et al., 2015, p. 207). Recently, the role of
agriculture has been evaluated for several Late Iron Age oppida in
Europe (Danielisova and Hajnalova, 2014), but many of the exam-
ples rely on limited archaeobotanical datasets with only charred
plant remains investigated, and with the exclusion of British case
studies.
The lack of inclusion of British evidence into the wider European
debates makes it vital to present a detailed archaeobotanical case
study of the agricultural basis of a territorial oppidum, in this case
Calleva Atrebatum or Silchester. There has been a long history of
research focus on external stimulus to the development of oppida
in Britain (Haselgrove, 1976). After a reaction against these models
(Hill, 2007), there has been an emphasis within Britain on the
landscape context of oppida (Moore, 2012), ritualised activities
(Bryant, 2007; Garland, 2013) and individual political power
(Creighton, 2006) at the expense of agricultural and economic ac-
tivities. Oppida today are often situated under subsequent Roman,
medieval and modern urban centres, hindering large-scale exca-
vations. Thus, there is very little archaeobotanical evidence avail-
able from British oppida (Burnham et al., 2001; Van der Veen et al.,
2007), which can be integrated into broader European debates
concerning agricultural intensiﬁcation and urbanisation. Limited
excavations have been undertaken at enclosed oppida such as
Oram's Arbour, Winchester, while those at Abingdon Vineyard
remain unpublished (Haselgrove, 2000). Discrete activity areas
have been investigated at territorial oppida, such as Camulodunum,
Chichester and Verulamium, but many of these investigations were
undertaken before the application of archaeobotanical sampling.
Models of agriculture in southern Britain have been interlinked
with those of oppida development since the 1970s, in terms of
long-term agricultural trajectories (Jones,1981), and the short-term
need to exchange cereals with the Romanworld (Cunliffe,1976) and
within southern Britain (Sharples, 2010, p. 173). Currently, three
broad models are available for the type and scale of agriculture
practised at oppida in Britain. In parallel with European oppida, the
ﬁrst model argues that agricultural innovations developed in the
later ﬁrst millennium BC, which enabled populations to move into
areas with marginal soils (Haselgrove and Millett, 1997; Hill, 2007).
Agricultural innovations improve the quantity and quality of food
produced (Van der Veen, 2010). Field drainage, the cultivation of
clay soils and the adoption of bread wheat have all been stated as
innovations in this period (Jones, 1981), and whilst the latter has
now been disproven (Campbell and Straker, 2003), the further
practices of spring sowing and mono-cropping have also been
identiﬁed in the Late Iron Age Danebury environs region (Campbell
and Hamilton, 2000). These innovations, however, have only been
identiﬁed from rural settlements, rather than at oppida themselves.
The second model is of oppida as surplus cereal-producers. In a
reﬂection of the coreeperiphery models of the 1970s, an absence of
storage features and grain-rich charred cereal assemblages along-
side the presence of imported ceramics in the Late Iron Age have
been presented as evidence for the production of cereal surpluses
and their movement beyond the local region in exchange for im-
ported food and material culture (Van der Veen and Jones, 2006, p.
226). Archaeobotanical evidence has been used sparingly in this
model, with the only example being grain-rich, Middle Iron AgePlease cite this article in press as: Lodwick, L.A., Agricultural innovations
and fodder from Calleva Atrebatum, UK, Quaternary International (2016)grain deposits at Danebury hillfort. Contra to this model, storage
pits do continue into the Late Iron Age period (Campbell, 2008), and
the likelihood of long distance movement of cereals has been
downplayed due to the difﬁculties of overland transport (Collis,
2000, p. 236).
The third model argues against the importance of arable pro-
duction at oppida, asserting that these settlements were reliant on
cereals produced in nearby areas of fertile soil (Cunliffe, 2012), such
as the Thames Valley or the Hampshire chalk downs (Sharples,
2010, p. 173). Speciﬁcally, an emphasis on pastoral activity over
arable farming has been stated, for Silchester itself (Creighton,
2000, p. 18; Mattingly, 2007, p. 59), and at polyfocal complexes
(Moore, 2012, pp. 409, 411). Limited palynological studies have
been undertaken of buried podzolised soils at the nearby amphi-
theatre (Van Scheepen, 1989) and anthropogenic sediments from
wells at the forum-basilica site, which have been interpreted as
evidence of the open nature of the landscape (Wooders and Keith-
Lucas, 2000), but no archaeobotanical evidence has been used to
identify the agricultural practices undertaken at oppida
themselves.
A greater understanding of agricultural practice at oppida in
Britain is vital for evaluating these three models and investigating
the structure and organisation of social groups resident at these
settlements (Hill, 2011). This paper addresses the lack of archae-
obotanical data from British oppida by presenting the analysis of a
substantial assemblage of waterlogged plant remains from exca-
vationswithin the Insula IX area (Fig 1) of the territorial oppidum at
Silchester (Fulford et al., 2013). These plant remains originated from
mixed anthropogenic deposits in wells within the settlement.
Analysis is ongoing of palaeoentomological, palynological and
anthracological data (Fulford et al., forthcoming). A combination of
univariate and contextual analysis has enabled agricultural activ-
ities to be identiﬁed from depositional contexts which have long
been recognised as taphonomically complex (Greig, 1988a). This
analysis will address whether agricultural activities can be estab-
lished through the investigation of mixed waterlogged deposits,
and how this can inform upon the relationship between urbani-
sation and agricultural developments, as well as the character of
the society that lived in the earliest urban settlements in Britain.
2. Study site
Silchester is situated in lowland central-southern Britain, be-
tween the Thames Valley and the Hampshire chalk downs (Fig. 1).
The oppidum is located on a gravel terrace of the River Kennet, a
tributary of the Thames, overlying an area of tertiary clay and sand
deposits at the edgeof the LondonBasin. Cretaceous chalk emerges to
the north-west as the Berkshire Downs, and to the south as the
Hampshire chalk downs (Mathers and Smith, 2000). The soils on the
gravel plateau are well-drained brown-earth soils, surrounded by a
mosaic of clayey, loamy and sandy soils between the Kennet and
Loddon valleys (Jarvis, 1968). This area is generally perceived as
having limited agricultural potential in prehistory (Fulford, 1993;
Cunliffe, 2012), and is also recorded as being difﬁcult to cultivate in
modern times (Ditchﬁeld and Anker Simmons,1907; Curtler,1912, p.
493). The site is located at 95 m above sea level, with a temperate
oceanic-climate of warm summers, cool winters, and 650e750 mm
of rainfall a year (Met Ofﬁce, 2015). Modern vegetation in the region
has been heavily transformed by conifer plantations and agricultural
improvements. On the gravel plateau there are surviving areas of
ancient woodland and heathland. Away from the gravel plateau the
area is mostly pasture or rough grassland (Brewis et al., 1996;
Crawley, 2005). Palaeoenvironmental studies of Late Bronze Age
and Early Iron Age sites in the Lower Kennet Valley andMid-Thames
Valley indicate a largely cleared environment (Carruthers, 1992;at a Late Iron Age oppidum: Archaeobotanical evidence for ﬂax, food
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Fig. 1. Plan of Roman Silchester showing the location of Silchester within central-southern Britain and the excavation area within Insula IX.
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denced by pollen analysis at Late Bronze Age Aldermaston Wharf
(Bradley et al., 1980) and from a Late Bronze Age to Early Iron Age
sequence from Thames Valley Park (Keith-Lucas, 1997).
Late Iron Age Silchester has been the site of archaeological in-
vestigations for several centuries which have elucidated the char-
acter of the oppidum, alongside ﬁeld surveys and numismatic
evidence. The Inner Earthwork, a construction currently dated to
the very end of the ﬁrst century BC, enclosed an area of 32 ha, with
the discontinuous Outer Earthwork covering a wider area, and
more extensive earthworks still poorly understood (Fulford and
Timby, 2000) (Fig. 2). Large-scale antiquarian excavations, under-
taken 1890e1909, lacked sufﬁcient attention to stratigraphy to
recognise chronological phases and non-masonry buildings
(Fulford et al., 2002). Small-scale excavations across the town have
shown that much of the area within the Inner Earthwork was
occupied, with the most detailed evidence for the character of the
settlement coming from excavations at the site of the Roman
forum-basilica in the centre of the oppidum (Fig. 2). An initial phasePlease cite this article in press as: Lodwick, L.A., Agricultural innovations
and fodder from Calleva Atrebatum, UK, Quaternary International (2016)of settlement from c. 25BC consisted of several wells and round-
houses, with the addition of metalled streets, palisaded enclosures
and rubbish pits from c. 15BC to AD44 (Fulford and Timby, 2000).
Material culture evidence shows much evidence for trade with
northern France and the Mediterranean, which has been used to
argue that the origins of the oppidum community is in a migrant
population from northern France (Fulford and Timby, 2000, p. 564).
The Roman civitas capital, featuring several major public buildings
including a forum-basilica, public baths, a mansio, several Romano-
Celtic temples and an amphitheatre beyond the town walls (Fig. 1)
(Boon, 1974), was located directly over the Late Iron Age oppidum
with strong evidence for continuity in population (Fulford et al.,
2013). The construction of the Roman street grid is currently
dated to the later ﬁrst century AD (Fulford and Clarke, 2009), and
“Insula IX” here refers to the area of excavation rather than the
region of the later street grid.
A larger area of Late Iron Age occupationwithin the oppidum has
been recorded through the recent University of Reading Insula IX
excavations. Insula IX is located to the north-west of the forum-at a Late Iron Age oppidum: Archaeobotanical evidence for ﬂax, food
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Fig. 2. Plan of Late Iron Age Silchester, showing the excavation site at Insula IX and the surrounding earthworks.
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through the town (Fig. 1). The ‘Town Life’ project excavated a
55 55 m area in the north-east of Insula IX from 1997 to 2014. The
MidandLateRomanphaseshavebeenpublished (Fulfordet al., 2006;
Fulford and Clarke, 2011a), and post-excavation analysis is ongoing
on the Late Iron Age and Early Roman phases of occupation. The
earliest activity is a v-shaped ditch, on a north-west south-east
alignment, dated to c. 20BC. From 20BC to AD10/20, a Great Hall was
constructed, overlying the southern end of the earlier ditch. This
building was accompanied by several wells, enclosures and build-
ings. The last phase of pre-conquest activity consisted of two track-
ways, wells, enclosures and rectangular buildings (Fulford et al.,
2013). In the post-conquest Claudio-Neronian period (AD43e68),
there was an intensiﬁcation of activity, but continuation in settle-
ment characteristics despite the imposition of the main north-south
street through the town. At the endof this period, c. AD70/80, there is
widespread evidence for destruction and settlement reorganisation
within Insula IX (Fulford et al., 2011).
Plant macrofossils have previously been studied from several
areas within the town. Clement Reid analysed waterlogged plant
remains from the eastern Insulae, producing evidence for a wide
range of wild taxa, including wet ground, heathland, ruderal plants
and imported plant foods, but the study lacked any chronological
context or quantitative analysis (Lodwick, forthcoming). Analysis of
waterlogged sediments from a marsh-like deposit outside the
south-east gate produced evidence for damp grassland, waste
ground and some scrub plants (Monk, 1984). At the excavations at
the forum-basilica, waterlogged plant remains were studied from
two Late Iron Age wells dated to c. 25e15BC. A small range of plants
of disturbed and damp groundwere identiﬁed, along with hazelnut
shells, wild fruit stones and charred cereal processing remains
(Jones, 2000). Charred, mineralised and waterlogged plant remains
have previously been studied from the Mid and Late Roman phases
of Insula IX, with evidence for food imports and settlement vege-
tation (Robinson et al., 2006; Robinson, 2011).Please cite this article in press as: Lodwick, L.A., Agricultural innovations
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3.1. Sampling and analysis
This study addresses the agricultural practices undertaken at
Late Iron Age Silchester through the analysis of waterlogged sedi-
ments from a series of Late Iron Age and Early Roman wells. The
local geology of well-drained, sandy, ﬂint gravels overlying London
clay (Mathers and Smith, 2000) results in a perched water table,
around 2 m below the modern ground surface of the Silchester
gravel plateau. The Late Iron Age settlement was 6 km from the
nearest rivers, the Kennet and Loddon; hence the population was
reliant on wells throughout occupation at the site, with several
present in each Insula (Boon, 1974, p. 85).
Waterlogged plant remains from six wells have been investi-
gated in this study (Table 1). The phasing of contexts is based on
ceramic dating and stratigraphy. Two wells have been studied from
Late Iron Age Period 0 (Fig. 3). Well 10421 was located in the centre
of the excavation area, to the north of the Great Hall. The well was
an unlined circular shaft. Four contexts were analysed, dated to c.
20/10BCeAD10/20. Well 8328 was located in the north-west corner
of the excavation area, an unlined 3.7 m deep circular shaft. Five
contexts were studied dated to AD30e55. Four wells were studied
fromPeriod 1, dated to c. AD43e70/80.Well 1586was located at the
southern edge of the north-easte south-west Iron Age lane (Fig. 4).
It was an unlined 2.95 m deep circular shaft, and waterlogged plant
remains were studied from two contexts. Well 3171 was located on
the eastern edge of Insula IX, between two clay-ﬂoored buildings
(Fig. 4). The well was an unlined 3.6 m deep circular shaft, and
waterlogged plant remains were studied from seven contexts. The
only lined well was 5100, situated in the centre of the excavation
between two clay-ﬂoored buildings and lined with a reused barrel.
Waterlogged plant remains were studied from one context. Well
5791 was located in an open area in the western half of theat a Late Iron Age oppidum: Archaeobotanical evidence for ﬂax, food
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Fig. 3. Plan of Period 0 Insula IX, indicating the location of wells 8328 and 10421.
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deep, with waterlogged plant remains were studied from 10
contexts.Table 1
Summary of features studied for waterlogged plant remains from Late Iron Age and Early Roman Insula IX. Totals exclude semi-quantiﬁed samples.
Well Period Date No. of contexts Average seeds/L
P
(seeds)
10421 0 20/10BCeAD10/20 4 21.9 1600
8328 0 AD30e55 5 155.4 2045
1586 1 AD43e70/80 2 24.1 404
3171 1 AD43e70/80 7 9.8 3997
5100 1 AD43e70/80 1 1.5 22
5791 1 AD43e70/80 10 27.8 4378Bulk samples of 1e40 L were taken from deﬁned contextual
units within each well ﬁll, with a total volume of 525 L of sediment
processed. Wells were excavated in plan. Large samples were taken
due to the low density of plant remains recovered previously from
Mid and Late Roman wells (Robinson et al., 2006; Robinson, 2011).
Sediment samples were processed in a modiﬁed ‘Siraf’ ﬂotation
tank, using a 0.25 mm ﬂot mesh and 1 mm residue mesh. The ﬂots
were stored in water, and sorted and identiﬁed under 20e40
magniﬁcation using a binocular microscope. The 0.25 mme0.5 mm
fraction was sub-sampled due to a hyper-abundance of Juncus spp.Please cite this article in press as: Lodwick, L.A., Agricultural innovations
and fodder from Calleva Atrebatum, UK, Quaternary International (2016)seeds. Samples with good preservation and a large number of items
were fully quantiﬁed. Vegetative plant remains were either fully-
quantiﬁed or semi-quantiﬁed using a four-point scale of abun-dance. Plant remains were identiﬁed using the seed reference
collection housed in the Oxford University Museum of Natural
History with reference to published seed atlases (Neef et al., 2011;
Cappers et al., 2012). Nomenclature follows Stace (1997), with ad-
ditions from Flora Europaea (Tutin and Akeroyd, 1993).
3.2. Interpretative methods
In terms of their depositional processes, wells have an inter-
mediate position between lake-shore settlement deposits (Jacomet,at a Late Iron Age oppidum: Archaeobotanical evidence for ﬂax, food
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Fig. 4. Plan of Period 1 Insula IX, indicating the location of wells 1586, 3171, 5100 and 5791.
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anthropogenic and natural processes contribute to the accumula-
tion of plant remains (Greig, 1988a). Iron Age and Roman wells are
commonly backﬁlled with a range of domestic and agricultural
refuse (Hall et al., 1980; Kenward et al., 1986), and are common loci
for ritualised or structured deposits (Fulford, 2001). The majority of
waterlogged samples fromwells typically consist of wild taxa from
a diverse range of vegetation types. Thus, univariate and qualitativeTable 2
Summary of habitat groups used to classify waterlogged plant remains.
Habitat group Description
C Cultivated Cultivated cereals, oil crops, introduced plant foods.
D Disturbed Perennials of permanent waste ground communities.
D (a) Disturbed (arable) Annuals of nitrogen rich ground, also arable weeds.
G Grassland Marshy grassland, meadows, pastures, short grassland.
H Heathland Lowland heathland.
W Wet ground Aquatic plants, bankside plants of seasonally inundated conditions.
Wo Woodland Dry and wet woodland, scrub.analyses are here used to disentangle the range of agricultural
practices which contributed to these assemblages. Univariate
analysis consisted of the calculation of sums and frequencies of
seeds per taxa, per context. Data standardisation was undertaken
by merging all cf. and deﬁnite identiﬁcations. Each taxon wasPlease cite this article in press as: Lodwick, L.A., Agricultural innovations
and fodder from Calleva Atrebatum, UK, Quaternary International (2016)placed in a broad habitat group based on British and local ﬂora
(Tables 2 and 5) (Brewis et al., 1996; Stace, 1997; Crawley, 2005).
These groupings were used to calculate the sum of taxa per habitat
group per contexts. Qualitative analysis was undertaken based on
the abundance of taxa per samples. Plant communities present in
the British National Vegetation Classiﬁcation (NVC) groups were
used as a broad interpretative tool through the comparison of in-
dividual samples with NVC ﬂoristic tables (Rodwell, 1993).Qualitative analysis was also undertaken of the stratigraphic
and artefactual sequence within each well shaft in order to identify
the range of formation processes which contributed to each context
and the range of sources from which plant remains may have
originated. A typology of deposit types was created with referenceat a Late Iron Age oppidum: Archaeobotanical evidence for ﬂax, food
, http://dx.doi.org/10.1016/j.quaint.2016.02.058
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Kenward et al., 1986; Greig, 1988a; Robinson, 2011; Van
Haasteren and Groot, 2013), which was used to identify each
context as a primary ﬁll, gradual accumulation or organic/non-
organic dump based on context descriptions, stratigraphy and
archaeological inclusions (Table 3). Artefactual information was
also used alongside archaeobotanical data to enable the identiﬁ-
cation of indicator groups and packages e characteristic assem-
blages of plant, animals and artefacts which represent a speciﬁc
activity or ecology (Kenward and Hall, 1997; Hall and Kenward,
1998, 2003; Kenward and Hall, 2012). Artefactual data are avail-
able online through the Silchester Integrated Archaeological Data-
base (Fulford and Clarke, 2011b).Table 3
Summary of well deposit type classiﬁcation scheme.
Deposit type Origins Stratigraphic description Bulk ﬁnds Key references
Primary ﬁll Sediment accumulated
during well use.
Base of well shaft,
homogeneous sediment,
consistent with upper well shaft.
Lenses of material,
horizontal content boundaries.
Few archaeological inclusions,
objects for drawing water,
ladders, lost personal items.
Greig, 1988a;
Van Haasteren and Groot, 2013.
Gradual accumulation Post abandonment
accumulation.
Lenses of silty material, horizontal
context boundaries.
Objects for drawing water, ladders,
lost personal items,
settlement waste; pottery,
animal bones, charcoal.
Greig, 1988a;
Van Haasteren and Groot, 2013.
Non-organic dump Dumps of
non-organic material.
Deep contexts with sloping boundaries,
heterogeneous material.
Settlement waste; pottery,
animal bones,
charcoal, stone,
building material.
Kenward et al., 1986, p. 259;
Robinson, 2011, p. 281.
Organic dump Dumps of
organic material.
Deep contexts with sloping boundaries,
peaty material,
visible plant remains.
Wood, charcoal, animal bones. Kenward et al., 1986, p. 259.4. Results
4.1. Summary of taxa and ecological groups
A total of 43 samples were analysed from 31 contexts, 40 of
which were fully quantiﬁed and three semi-quantiﬁed. No vari-
ation was observed from samples from the same contexts; hence
samples from the same context were combined for purposes of
analysis. The density at which plant remains were present varied
widely, from 0.1 seeds/L (sample 759, context 4851, well 3171) to
946 seeds/L (sample 3219, context 9309, well 8328) (Table 4).
12,698 seeds were identiﬁed from fully quantiﬁed samples
(excluding Juncus spp. and Poaceae indet.) representing 161 taxa.Table 4
Summary of statistics for waterlogged samples from Insula IX. GA ¼ gradual accumulatio
Table 3.
Period Well Samples Context Fill ty
0 10421 4068 10438 ND
0 10421 4085 10439 ND
0 10421 4141 10441 ND
0 10421 4165 10442 PF
0 8328 3191 9152 ND
0 8328 3216 9257 OD
0 8328 3195, 3198 9258 ND
0 8328 3217, 3219, 3293 9309 OD
0 8328 3322, 3335, 3341, 3380 9663 OD
1 1586 612 3932 GA
1 1586 615 3981 GA
1 3171 738 4837 GA
1 3171 739 4838 GA
Please cite this article in press as: Lodwick, L.A., Agricultural innovations
and fodder from Calleva Atrebatum, UK, Quaternary International (2016)Complete data are available in ESM Table 1. These taxa originate
from seven different habitat groups (Table 2). A small range of
cultivated plants, 10 taxa, were present (Table 5). These included
four herbaceous plants used as condiments (Anethum graveolense
dill; Apium graveolens e celery; Coriandrum sativum e coriander;
Foeniculum vulgare e fennel), two oil plants (Linum usitatissimum
e ﬂax; Brassica cultivar e cultivated brassica), two cereals (Hor-
deum sp. e barley; Triticum spelta e spelt wheat) and two fruits
(Olea europaea e olive; Prunus avium e sweet cherry). The largest
group of taxa is that found on frequently disturbed and/or arable
ground, which contained 47 taxa, the most frequent of which
were Polygonum aviculare, Stellaria media and Urtica urens
(Table 5). The most frequent taxa in the second largest group,grassland plants, were Filipendula ulmaria, Ranunculus repens and
Rhinanthus minor. The next group, wet ground taxa, contained 18
taxa, including abundant Juncus spp. (J. articulatus gp., J. bufonius
gp., J. effusus gp.), Eleocharis palustris, Mentha aquatica and
Ranunculus ﬂammula. Woodland habitats were represented by
common occurrences of Betula pendula/pubescens seeds, Corylus
avellana nutshells, Prunus spinosa stones and Rubus fruticosus
seeds, as well as other rarer taxa. Prunus spinosa (sloe), Corylus
avellana (hazelnut shell) and Rubus fruticosus agg. (bramble) could
have been collected for food. Finally, numerous taxa (43) were
placed in the various group. These represent seeds which could
not be identiﬁed beyond genus or family (Carex spp., Rumex spp.)
and those which occur in a broad range of habitats.n, ND ¼ non-organic deposit, OD ¼ organic deposit, PF ¼ primary ﬁll, as classiﬁed in
pe Number of taxa (seeds)
P
(seeds) Density (seeds/L)
5 69 4.3
12 21 6.0
42 917 131
38 593 64.2
19 186 14.3
25 433 108.3
33 355 355.0
69 804 268.0
24 267 31.4
41 174 19.3
40 230 28.8
5 17 3.4
17 219 8.1
(continued on next page)
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Table 4 (continued )
Period Well Samples Context Fill type Number of taxa (seeds)
P
(seeds) Density (seeds/L)
1 3171 741 4845 GA 4 13 0.4
1 3171 749 4846 GA 9 47 1.2
1 3171 754, 755 4850 OD 65 3595 51.7
1 3171 758, 759 4851 GA 23 63 1.9
1 3171 761 4866 PF 12 43 1.8
1 5100 2799 7828 PF 9 22 1.5
1 5791 1284 6482 OD 70 583 36.4
1 5791 1320 6484 OD 92 936 93.6
1 5791 1216, 1328 6485 OD 89 1305 40.8
1 5791 1554, 1555 6487 ND 53 141 9.4
1 5791 1296 6504 ND 45 216 14.4
1 5791 1584 6897 ND 31 73 12.2
1 5791 1594 6905 ND 25 66 3.7
1 5791 1656 6917 ND 76 935 55.0
1 5791 1662 6921 ND 33 81 5.4
1 5791 1682 6923 PF 15 42 7.0
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Summary of the sum and frequency of taxa by well and period. All taxa are seeds unless otherwise stated. Wells 1586 and 5100 have been excluded due to the low number of
contexts.
Well Period
10421 8328 3171 5791 0 1
Sum % Frequency
(4)
Sum % Frequency
(5)
Sum % Frequency
(7)
Sum % Frequency
(10)
Sum % Frequency
(9)
Sum % Frequency
(20)
Food plants
Anethum graveolens 6 20 62 29 3 20 1 5
Apium graveolens 9 50 2 40 2 14 39 90 11 44 44 60
Brassica cultivar 1 14 8 15
Coriandrum sativum 1 25 3 20 17 43 18 70 6 11 65 20
Foeniculum vulgare 2 20 2 10
Hordeum sp. (rachis) 5 50 5 25
Linum usitatissimum 61 20 73 43 11 60 61 11 84 45
Linum usitatissimum (capsules) 46 40 3 14 4 30 46 22 7 20
Olea europaea 1 25 1 11
Prunus avium 1 14 1 10 2 10
Triticum spelta (glume base) 19 40 7 30 19 22 16 25
Triticum spelta/dicoccum
(glume base)
8 40 17 70 8 22 18 40
Triticum sp. 1 10 1 5
Cereal indet. (culm node) 1 10 1 5
Cereal indet. (bran) 20 30 11 25
Cereal indet. (grain) 8 30 4 22 36 55
Wild plants
Disturbed ground
Atropa belladonna 3 25 13 60 13 57 2 20 16 44 15 30
Ballota nigra 6 50 4 40 159 43 21 70 10 44 180 50
Chelidonium majus 1 10 1 5
Hyoscyamus niger 1 25 2 20 13 14 4 30 3 22 17 20
Lapsana communis 1 14 2 20 3 15
Malva sylvestris 6 20 6 11
Sagina sp. 69 75 59 40 18 20 109 55 22 15
Urtica dioica 17 75 92 60 378 43 211 90 66 611 75
Disturbed (arable) ground
Aethusa cynapium 39 14 1 10 40 10
Agrostemma githago 5 60 7 50 5 33 8 30
Anisantha sterilis 1 5
Anthemis arvensis 2 10 2 5
Anthriscus caucalis 1 25 10 40 28 14 1 10 11 33 31 15
Aphanes arvensis 5 50 5 40 3 29 10 50 10 44 14 40
Aphanes australis 5 25 18 40 10 14 59 60 23 33 76 45
Atriplex sp. 5 20 10 14 14 80 5 11 25 50
Avena sp. 2 20 2 10
Bromus secalinus 9 40 1 14 31 70 9 22 33 45
Capsella bursa-pastoris 531 50 61 20 1 14 46 80 592 33 61 55
Chenopodium album 73 50 25 60 37 14 29 90 98 55 77 60
Chenopodium ﬁcifolium 1 25 28 29 1 11 28 10
Chenopodium polyspermum 6 40 21 14 1 10 6 22 22 10
Fallopia convolvulus 1 25 1 11
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Table 5 (continued )
Well Period
10421 8328 3171 5791 0 1
Sum % Frequency
(4)
Sum % Frequency
(5)
Sum % Frequency
(7)
Sum % Frequency
(10)
Sum % Frequency
(9)
Sum % Frequency
(20)
Fumaria sp. 22 50 2 40 17 43 24 44 17 15
Galeopsis tetrahit 2 20 2 10
Galium aparine 16 10 16 5
Lamium sp. 6 50 24 14 9 50 6 22 33 30
Legousia hybrida 5 20 2 10 5 11 2 5
Odontites vernus 37 60 37 30
Papaver argemone 5 40 171 70 5 22 173 45
Papaver rhoeas 5 50 14 60 46 40 19 56 47 25
Papaver somniferum 6 75 12 60 11 40 18 67 12 25
Persicaria lapathifolia 3 20 1 14 3 11 1 5
Plantago major 3 50 2 40 13 50 5 44 17 35
Polygonum aviculare agg. 267 50 236 80 274 43 102 90 503 67 426 70
Potentilla reptans 1 20 1 11
Ranunculus sardous 2 20 43 43 55 90 2 11 108 70
Raphanus raphanistrum 7 14 7 5
Rumex crispus 3 10 3 5
Rumex obtusifolius 2 20 2 10
Scleranthus annuus 1 10 1 5
Silene vulgaris 1 10 1 5
Sisymbrium sp. 11 50 11 22
Solanum nigrum 1 25 6 40 173 14 13 50 7 33 193 40
Sonchus asper 2 50 22 29 9 50 2 22 32 40
Sonchus oleraceus 64 29 1 10 65 15
Spergula arvensis 2 25 2 20 7 40 4 22 7 20
Stellaria media gp. 217 50 18 60 401 43 247 100 235 56 663 80
Thlaspi arvense 1 25 3 40 4 43 1 10 4 33 5 20
Torilis sp. 2 20 7 50 2 11 7 25
Tripleurospermum inodorum 2 50 1 20 12 40 3 33 12 20
Urtica urens 111 50 132 80 1234 57 154 100 243 67 1408 80
Valerianella locusta 8 30 8 15
Valerianella rimosa 1 10 1 5
Valerianella dentata 1 20 5 30 1 11 5 15
Viola S. Melanium 3 50 1 14 11 40 3 22 12 25
Grassland
Achillea millefolium 1 10 1 5
Centaurea nigra 1 20 18 30 1 11 18 15
Centaurea nigra (ﬂower head) 10 5
Filipendula ulmaria 6 20 5 29 280 90 6 11 289 70
Hypochaeris sp. 4 25 13 50 4 11 13 25
Lathyrus pratensis 10 1 5
Leontodon saxatilis 1 20 1 11
Leontodon sp. 7 20 1 14 58 50 7 11 60 35
Leucanthemum vulgare 3 30 3 15
Linum catharticum 7 20 1 14 23 70 7 11 30 50
Medicago lupulina 1 10 1 5
Medicago sp. 3 20 3 10
Medicago sp. (pod) 30 15
Oenanthe pimpinelloides 4 30 5 20
Ornithopus sp. 2 20 2 11
Picris hieracioides 3 20 3 10
Plantago sp. 5 20 5 10
Poaceae indet. (culm base) 10 5
Poaceae indet. 1512 100 1427 80 152 57 3473 100 2939 89 3965 85
Potentilla anserina 2 14 1 10 4 15
Potentilla erecta 9 40 3 29 8 50 9 22 12 40
Prunella vulgaris 6 50 26 60 24 29 61 90 32 56 89 65
Ranunculus acris 5 20 6 14 59 60 5 11 68 40
Ranunculus bulbosus 2 10 2 5
Ranunculus repens 16 50 13 60 69 57 89 80 29 56 163 70
Rhinanthus minor 11 40 3 14 80 80 11 22 83 45
Scabiosa columbaria 1 10 1 5
Stellaria graminea 3 25 2 20 2 14 14 50 5 22 17 35
Trifolium sp. 1 14 1 5
Trifolium sp. (ﬂower) 40 40 22 20
Trifolium sp. (calix) 40 70 11 35
Asteraceae indet. (ﬂower head) 20 5
Fabaceae indet. (pod fragment) 20 10
Vicia/Lathyrus (pod fragment) 40 20
Vicia/Lathyrus (tendril) 20 10
Vicia/Lathyrus (ﬂower) 10 5
(continued on next page)
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Table 5 (continued )
Well Period
10421 8328 3171 5791 0 1
Sum % Frequency
(4)
Sum % Frequency
(5)
Sum % Frequency
(7)
Sum % Frequency
(10)
Sum % Frequency
(9)
Sum % Frequency
(20)
Viola sp. (capsule fragment) 20 10 5
Heathland
Calluna vulgaris 8 40 8 22
Calluna vulgaris (shoots) 20 11
Calluna vulgaris (seed capsule) 20 11
Danthonia decumbens 1 20 13 50 1 11 14 30
Erica sp. 15 20 15 11
Ericaceae indet. (seed capsule) 20 10 11 5
Ericaceae indet. (leaf) 20 11
Pteridium aquilinium (fronds) 40 50 22 25
Sphagnum (buds) 25 20 22 5
Sphagnum (leaf) 25 40 10 33 15
Ulex europaeus (spine) 25 60 44
Wet ground
Alisma plantago-aquatica 1 20 1 11
Alisma sp. 1 20 1 10 1 11 1 5
Apium nodiﬂorum 1 25 3 40 11 50 4 33 12 30
Caltha palustris 12 30 12 15
Eleocharis palustris 20 75 461 100 272 86 497 90 481 89 873 90
Glyceria type 1 14 1 5
Hydrocotyle vulgaris 7 50 7 25
Isolepis setacea 4 25 4 11 1 5
Juncus effusus gp. 895 100 513 80 756 57 2646 100 1408 89 3491 80
Lychnis ﬂos-cuculi 1 20 1 10 1 11 1 5
Lycopus europaeus 3 14 2 20 5 15
Lythrum salicaria 1 10 1 5
Mentha aquatica 1 25 104 60 41 70 105 44 42 40
Oenanthe ﬁstulosa 4 10 4 5
Pulicaria sp. 1 20 5 20 1 11 5 10
Ranunculus ﬂammula 1 25 16 60 21 29 64 90 17 44 128 65
Ranunculus S. Batrachium 1 25 1 14 1 11 1 5
Thalictrum ﬂavum 5 40 6 25
Veronica beccabunga 3 20 3 10
Woodland
Alnus glutinosa 1 10 1 5
Betula pendula/pubescens 3 25 5 20 40 90 8 22 41 50
Corylus avellana (nutshell) 7 50 5 40 7 29 2 20 12 4 11 30
Crataegus sp. 1 10 1 5
Fragaria vesca 1 10 1 5
Fraxinus excelsior 1 10 2 10
Ilex aquifolium (leaf) 20 11 12 3 15
Luzula sp. 5 30 5 15
Malus sp. 1 20 1 11
Prunus spinosa 1 25 3 40 5 29 4 33 5 10
Rubus fruticosus 6 50 28 100 57 43 9 60 34 78 73 60
Rubus sp. (thorn) 14 10
Salix sp. (bud) 10 5
Viola S. Viola 1 14 2 10 3 10
Bark 10 11 5
Deciduous tree leaf 50 11 35
Various
Arctium sp. 2 20 1 14 4 30 2 11 5 20
Arenaria sp. 4 10 4 5
Carduus sp. 1 10 2 10
Carduus/Cirsium 8 14 8 10 16 10
Carex sp. 13 75 75 80 66 86 194 100 88 78 282 95
Cerastium fontanum 7 20 1 14 27 60 7 11 29 40
Cirsium sp. 4 30 6 25
Conium maculatum 1 20 1 10 1 11 2 10
Crepis capillaris 1 20 1 11 1 5
Daucus carota 1 20 5 29 5 30 1 11 10 25
Epilobium sp. 4 20 4 10
Galium sp. 5 20 6 15
Hypericum sp. 5 20 2 20 5 11 6 15
Juncus articulatus gp. 307 100 2040 60 3606 43 10002 100 2347 78 14099 75
Juncus bufonius gp. 393 100 240 60 2592 14 2412 100 633 78 5175 65
Mentha sp. 16 60 3 20 16 33 3 10
Montia fontana ssp. 73 50 15 40 8 14 67 40 88 43 75 25
Myosotis sp. 7 30 7 15
Ranunculus parviﬂorus 1 25 1 20 5 14 19 90 2 22 25 55
Ranunculus S. Ranunculus 2 50 4 40 1 14 172 90 6 44 174 55
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Table 5 (continued )
Well Period
10421 8328 3171 5791 0 1
Sum % Frequency
(4)
Sum % Frequency
(5)
Sum % Frequency
(7)
Sum % Frequency
(10)
Sum % Frequency
(9)
Sum % Frequency
(20)
Rumex acetosella agg. 3 50 97 60 37 29 519 90 100 56 564 65
Rumex conglomeratus 1 20 45 50 1 11 45 25
Rumex sp. 2 50 30 60 5 29 180 70 32 56 185 45
Sambucus nigra 2 25 49 80 126 100 8 40 51 56 135 60
Senecio sp. 6 50 6 25
Silene sp. 1 10 1 5
Solanum dulcamara 1 25 2 14 1 10 1 11 3 10
Taraxacum sp. 2 50 1 20 1 14 1 10 3 33 5 15
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The wide range of taxa identiﬁed from the six Late Iron Age and
Early Roman wells at Insula IX is reﬂected in the different deposi-
tional histories of eachwell. Here, a brief summary of the sequence of
deposits within each well is summarised, drawing on the well
deposition types presented above (Table 3), in order to aid the
interpretation of archaeobotanical remains. The earliest deposit in
well 10421 was the primary ﬁll (10442), followed by the placing of a
complete coarseware cooking pot and a partially complete Silchester
ware beaker in the well shaft. Context 10442 was described as
redeposited natural during excavation, and contained very few
archaeological inclusions, with horizontal context boundaries. In
reference to the established criteria, identiﬁcation as a primary de-
posit seems secure (Fig. 5). These were followed by the ﬁrst non-
organic dump (10441), before the well shaft partially collapsed
(10440) and was backﬁlled with further non-organic deposits
(10439), and (10438), containing poorly preservedwaterlogged plant
remains. In contrast, well 8328was backﬁlledwith a series of organicFig. 5. Proportion of seeds classiﬁed by ha
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and fodder from Calleva Atrebatum, UK, Quaternary International (2016)dumps. A primary ﬁll accumulated of gravel and clay sediment
(9680-unsampled), before three complete pots were placed in the
well shaft, and covered with an organic dump (9663) containing
visible plant remains, silty clay sediment, animal bone and pottery.
This was followed by a further dump of stable ﬂooring from south-
east, containing the same material as well as burnt fragments of
quern stone and a small, complete pierced pot, alongside a further
intact pot. More midden-type material was then placed into the well
(9258), followed by a small deposit of probable sewage (9257).
The four period one wells varied in the type of material
deposited into them. The primary ﬁll of well 1586 consisted of
silty gravel (unsampled), followed by two contexts consisting of
lenses of organic material and gravel (3981, 3932), and separated
by a deposit of several intact pots and ﬂagons. A similar gravelly
primary ﬁll accumulated in well 3171(4866) with few archaeo-
logical inclusions and horizontal context boundaries, followed
by further gravelly accumulations (4851), and a dump of organic
material (4850). The well then appears to have ﬁlled up with a
series of gradual accumulations with low densities ofbitat group per context in well 10421.
at a Late Iron Age oppidum: Archaeobotanical evidence for ﬂax, food
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the only context in well 5100 to contain waterlogged plant re-
mains was the silty primary ﬁll which accumulated within the
timber barrel lining (7828). The most productive well in terms of
waterlogged plant remains was well 5791. A primary ﬁll of clay
sediment (6923) was overlain by a sequence of organic dumps
interspersed with non-organic dumps containing building ma-
terial. The lower sequence was covered with a clay capping
(6486). Overall, the majority of the well ﬁlls represent dumps of
material, where plant remains are more likely to derive from a
single source. The primary well ﬁlls and gradual accumulations
are more likely to contain seeds from plants growing in the vi-
cinity of the well.
4.3. Univariate analysis
The waterlogged plant remains identiﬁed are now discussed
per well in terms of the taxa identiﬁed, and the representation of
broad habitat groups. The two basal contexts of well 10421 were
dominated by a similar range of disturbed-arable taxa (Fig. 5). The
most abundant species were Capsella bursa pastoris, Chenopodium
album, Polygonum aviculare, Stellaria media and Urtica urens. Fal-
lopia convolvulus and Sisymbrium sp., both annuals of waste and
rough ground, were only recorded from this well. Small pro-
portions of disturbed ground and grassland (Hypochaeris sp. and
Ranunculus repens) and wet ground plants (Eleocharis palustris
and Isolepis setacea) were present. The lowest two contexts con-
tained evidence for cultivated plant foods. From context (10442),
two endocarp fragments of Olea europaea were identiﬁed along
with one seed of Apium graveolens. Eight seeds of A. graveolens
were also present in (10441), along with one seed of Coriandrum
sativum. Contexts 10439 and 10438 both contained a low density
of seeds, with large numbers of Poaceae indet. and Juncus spp.,
and lower quantities of plants of disturbed ground, wet groundFig. 6. Proportion of seeds classiﬁed by ha
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grassland taxa.
The plant remains from well 8328 contrast strongly with the
earlier well 10421. A more diverse range of taxa were identiﬁed.
The lowest ﬁll was dominated by annuals of disturbed ground,
mainly Capsella bursa-pastoris (n ¼ 61) and Polygonum aviculare
(n ¼ 152) (Fig. 6). Some seeds of heathland plants were present,
including Calluna vulgaris (n¼ 7), as well as vegetative fragments of
Ericaceae indet. capsules, Pteridium aquilinum fronds and Ulex
europaeus spines, alongside woodland, wet ground and grassland
taxa. The overlying ﬁll, (9309) was visibly rich in organic material,
and the samples consisted almost entirely of laminated vegetative
material and cereal bran. Whilst seeds of disturbed (arable) habi-
tats still make up the highest proportion of this sample, there is a
higher proportion and more diverse range of grassland plants
(Prunella vulgaris, Ranunculus repens, Rhinanthus minor) and wet
ground taxa (Eleocharis palustris, Ranunculus ﬂammula). Calluna
vulgaris shoots and seeds, Erica sp. seeds, Ericaceae capsules and
leafs, Pteridium aquilinum fronds, Ulex europaeaus spines and
Sphagnum sp. buds and leaves make up the range of heathland
material. Context 9258 has a higher proportion of wet ground
(Eleocharis palustris) and disturbed ground (Urtica dioica) plants, a
trend continuing with overlying context 9257 which was domi-
nated by wet ground taxa Eleocharis palustris andMentha aquatica.
The uppermost context from which waterlogged plant remains
were recovered contained a low density of poorly preserved seeds.
Considering all contexts, the most frequent plants werewet ground
taxa Eleocharis palustris (100%) and Juncus effusus gp. (80%),
disturbed (arable) taxa such as Polygonum aviculare (80%), Stellaria
media (80%), Urtica urens (80%), and the decay resistant seeds of
Carex sp. (80%), Rubus fruticosus agg. (100%) and Sambucus nigra
(80%). Cultivated plant foods were present in the two lowest well
ﬁlls. One seed of Apium graveolens, eight Linum usitatissimum (ﬂax)
capsule fragments and three Triticum spelta and spelta/dicoccumbitat group per context in well 8328.
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ﬁrst record of Anethum graveolens came from context 9309, where
six seeds were recorded along with three seeds of Coriandrum
sativum, and 61 ﬂax seeds. Crop by-products were represented by
38 ﬂax capsule fragments, 17 spelt and seven spelt/emmer glume
bases, along with abundant cereal bran.
Some of these cultivated plant foods were also identiﬁed from
Early Roman well 1586. From context (3981), two Apium graveolens
seeds and two T. spelta glume bases were identiﬁed, and one Apium
graveolens and one Coriandrum sativum seed, plus further T. spelta
glume bases from context (3932). Both well ﬁlls also had a similar
range of wild taxa, with similar quantities of disturbed (arable), wet
ground and grassland plants. These contexts contained a relativity
low density (average 24.8 seeds/L), but a wide diversity of seeds,
including grassland (Filipendula ulmaria, Prunella vulgaris, Ranunculus
repens) and disturbed (arable) plants (Aphanes arvensis, Solanum
nigrum, Stellaria media). The most abundant taxa continued to be
plants of disturbed (arable) ground, Polygonum aviculare (n ¼ 50),
Urtica urens (n ¼ 20) and Capsella bursa-pastoris (n ¼ 14). Only a
small assemblage of plant remainswas recovered fromwell 5100, but
showed the same mix of wet ground (Eleocharis palustris), disturbed
ground (Urtica dioica) and grassland plants (Taraxacum sp.).
The assemblage retrieved from well 3171 was most similar to
1586. The lowest three contexts (4866, 4851, 4850) were mainly
composed of disturbed (arable) taxa, with smaller quantities of wet
ground, grassland, and cultivated plant foods (Fig. 7).
L. usitatissimum seeds were present in all three of these contexts
alongside Anethum graveolens (n ¼ 15), Apium graveolens (n ¼ 2),
Brassica cultivar (n ¼ 1), C. sativum (n ¼ 12) and Prunus avium
(n ¼ 1) from context 4850. The most abundant disturbed (arable)
taxa were Urtica urens, Stellaria media and Polygonum aviculare,
whilst Ranunculus repens and Eleocharis palustris were alsoFig. 7. Proportion of seeds classiﬁed by ha
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there was a low density of plant remains (0.4e8.1 seeds/L). The
higher proportions of various and wet ground taxa is due to the
preferential preservation of taxa in these groups such as Carex sp.,
Sambucus nigra and Eleocharis palustris. The high proportion of
cultivated taxa in (4838) is due to 47 cf. Anethum graveolens seeds.
The poor preservation of plant remains from these contexts limited
interpretation. Considering all contexts, the most frequent taxa
from this well were Eleocharis palustris (86%), disturbed ground
taxa Atropa belladonna (57%), Ballota nigra (43%) and Urtica dioica
(43%), disturbed (arable) taxa Fumaria sp. (43%), Polygonum avicu-
lare (43%), Ranunculus sardous (43%) and Urtica urens (57%), and the
decay resistant taxa Carex sp. (86%) and Sambucus nigra (100%).
Finally, well 5791 contained the most abundant and diverse
assemblage of waterlogged plant remains. The composition of all
contexts was similar, with the best represented habit groups being
disturbed (arable), various, grassland, wet ground and cultivated
(Fig. 8). The range of disturbed (arable) plants was the most diverse
of all the wells and, alongside the common plants Stellaria media
(n ¼ 247, 100% frequency) and Urtica urens (n ¼ 154, 100%), several
taxa were unique to this well, including Odontites vernus (60%) and
Valerianella locusta (30%). There was a consistent presence of
grassland taxa, themost frequent of which were Filipendula ulmaria
(90%), Prunella vulgaris (90%), Ranunculus repens (80%) and Rhi-
nanthus minor (80%). The highest diversity of grassland taxa was
recorded from contexts in this well, (6482), (6485) and (6917),
which were also the only contexts to contain Centaurea nigra,
Leucanthemum vulgare and Picris hieracioides. The wet ground
group was also most diverse in these contexts: (6484), (6485) and
(6917), including Caltha palustris, Pulicaria sp., Ranunculus ﬂammula
and Thalictrum ﬂavum. There was also a unique range of vegetative
parts of grassland plants: a Centaurea nigra seed head, Asteraceaebitat group per context in well 3171.
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Fig. 8. Proportion of seeds classiﬁed by habitat group per context in well 5791.
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limited range of heathland plants was also present: bracken fronds,
Danthonia decumbens seeds and Ericaceae capsules. Cultivated
plant foods were present throughout the well. Apium graveolens
(90%) and C. sativum (70%) were particularly frequent, and Anethum
graveolens, L. usitatissimum (seeds and capsules), Hordeum rachis,
T. spelta glume bases and cereal bran were present in various
contexts. Foeniculum vulgare (fennel), was only found from this well
in contexts (6484) and (6917). There was also a high frequency of
Betula sp. seeds and hazelnut shell.
Overall, the wells contained low concentrations of waterlogged
plant remains, other than numerous contexts in wells 8328 and
5791, and context (10441) of well 10421 (Table 4). These contexts
contained both high densities of plant remains (>50 seeds/L) and
abundant vegetative plant remains. Some taxa were common
across all periods: Carex sp., Eleocharis palustris, and Stellaria media,
but there are key variations between periods. The Late Iron Age
Period 0 samples are characterised by disturbed (arable) taxa and
heathland plants (Table 5). The Early Roman Period one wells show
a marked diversity of grassland and wet ground taxa alongside the
disturbed (arable) plants present in Period 0. Much of this diversity
was, however, contained within well 5791, and to a lesser extent,
well 1586. Numerous grassland, wet ground and likely arable
weeds were only present in well 5791.
5. Discussion
5.1. Agricultural crops
A key issue of debate over the agricultural basis of oppida is what
type, and how, crops were cultivated. The Insula IX well assemblagesPlease cite this article in press as: Lodwick, L.A., Agricultural innovations
and fodder from Calleva Atrebatum, UK, Quaternary International (2016)show that Triticum spelta and spelta/dicoccum glume bases and Hor-
deum sp. rachis were present at the settlement. No T. dicoccum
(emmer) glume bases were identiﬁed. Spelt wheat and barley are
both the staple cereal crops of Iron Age southern Britain (Van der
Veen and O'Connor, 1998). One cereal culm node was recovered
from (6485) well 5791. The presence of cereal chaff at a settlement
makes it more likely that the residents of Insula IX were involved in
the later stage of crop-processing, yet the crop residues may also have
been used as resources such as fodder. Either way, it shows no change
in the staple crops consumed at Late Iron Age and Early Roman Insula
IX. Some of the taxa in the D(a) group probably entered thewells with
cereal processing by-products; Agrostemma githago and Anthemis
arvensiswere particularly associatedwith arable ﬁelds beforemodern
agricultural developments (Stace, 1997). Cereal chaff was most
frequent amongst organic dumps (Table 6), indicating it was depos-
ited amongst dense and diverse assemblages of plant remains.
The oil crop, ﬂax, is much more frequent in the waterlogged
assemblage than cereals. Seeds and capsules were both frequent in
period 0 (11 and 22%) and period one (45 and 20%), especially
abundant in context (9309) well 8328 and (4850) well 3171. Flax is
an annual herbaceous plant used for linen textiles, linseed oil and
linseeds across the old world (Zohary et al., 2012). Flax seeds occur
in all deposit types (Table 6), suggesting they were regularly being
processed and/or used within Insula IX. Furthermore seeds and
capsules usually co-occur within contexts, suggesting that they
represent by-products being utilised rather than food consumption
waste. Morphometric analysis has been used to separate oil and
ﬁbre varieties of ﬂax (Herbig and Maier, 2011; Larsson, 2013). A
comparison of the published measurements of ﬂax seeds from sites
in north-western Europe with those of Insula IX examples (ESM 2)
shows that the Silchester seeds have a large size range, with widthat a Late Iron Age oppidum: Archaeobotanical evidence for ﬂax, food
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Table 6
Summary of the presence of key taxa by deposit types.
Primary ﬁll (n ¼ 4) Gradual accumulation (n ¼ 7) Organic dump (n ¼ 7) Non-organic dump (n ¼ 11)
Crops
Barley rachis 2 3
Spelt/emmer glume bases 2 4 6
Flax seeds 2 1 5 2
Flax capsules 5 1
Flavourings
Celery 2 2 6 6
Coriander 3 4 6
Dill 1 4
Fennel 1 1
L.A. Lodwick / Quaternary International xxx (2016) 1e22 15ranging from 1.2 to 2.9 cm, and length ranging from 2.2 to 4.1 cm
(Fig. 9). This size range encompasses average measurements from
seeds identiﬁed as a textile crop fromWrzesnica, Poland (Latalowa,
1998) and seeds thought to be from food consumption, as at Cups
Hotel, Colchester (Murphy, 1992). This large range indicates that
ﬂax was probably a multi-use crop, cultivated for oil seeds and ﬁ-
bres at Silchester.
After a Neolithic introduction (Campbell and Straker, 2003), ﬂax
is considered to be absent from the Iron Age Thames Valley region
(Lambrick and Robinson, 2009, p. 254). This questions whether the
cultivation of ﬂax continued at all through the Iron Age, or whether
ﬂax seeds had to be accessed through trade. Flax is an intensive
crop, requiring fertile and moist soils due to its small root run
(Valamoti, 2011), and it is often grown in rotation by modern
farmers (Bond and Hunter,1987). The processing of ﬂax for oil seeds
and/or ﬁbre requires multiple stages and specialist knowledge
(Andresen and Karg, 2011). Hence, the cultivation of ﬂax at the
oppidum at Silchester is evidence for the undertaking of a labour-
intensive, agricultural practice. Whether this represents an inno-
vation in the re-adoption of a crop, or evidence of the wider
continuation of ﬂax cultivation through the Iron Age requiresTable 7
National Vegetation Classiﬁcation communities and functional attributes of potential hay taxa in mesotrophic grassland communities 4 and 5. A ¼ annual, B ¼ biennial,
P ¼ perennial. Constancy measured on a scale from 1 to 5.
Taxa Mesotrophic grassland
community 4 constant species
Mesotrophic grassland
community 5 constant species
Flowering onset and
duration/months
Canopy height (mm) Life history Stress index
Centaurea nigra þ3 þ5 Jun-04 301e600 P 1.4
Cerastium fontanum þ4 þ3 Aug-06 <300 P 0.3
Danthonia decumbens þ5 Jul-01 101e299 P
Eleocharis palustris May-03 300e599 P
Filipendula ulmaria þ5 þ1 Jun-03 >600 P 1.2
Hypochaeris sp. þ1 þ3 Jun-04 <300 P
Leontodon sp. þ4 þ4 Jun-04 <100e299 P
Leucanthemum vulgare þ2 þ3 Jun-03 301e600 P 1.4
Linum catharticum Jun-04 <300 B/A 1.5
Potentilla erecta þ5 Jun-04 201e299 P
Prunella vulgaris þ2 þ4 Jun-04 <300 P 0.2
Ranunculus acris þ5 þ4 May-03 <300 P 0.5
Ranunculus bulbosus þ1 þ3 May-02 <300 P 0.0
Ranunculus repens þ3 þ2 May-02 <300 P 1.0
Rhinanthus minor þ3 þ2 May-04 301e600 A/B 0.2
Scabiosa columbaria Jul-02 <300 B/P 0.2
Sources: Rodwell, 1993; Fitter and Peat, 1994; Hodgson et al., 1999.detailed synthesis of the available data, and the continued analysis
of Iron Age waterlogged plant remains in the region.
5.2. Hay
A further potential agricultural innovation is represented by the
presence of a diverse assemblage of grassland and wet ground taxa
at Late Iron Age and Early Roman Insula IX. These can be interpretedPlease cite this article in press as: Lodwick, L.A., Agricultural innovations
and fodder from Calleva Atrebatum, UK, Quaternary International (2016)as hay due to the presence of speciﬁc vegetative plant remains and
the co-occurrence of taxa of wet grassland. In several contexts
intact pieces of grassland vegetation were identiﬁed; a Centaurea
nigra seed head, numerous Trifolium sp. calyx, a Fabaceae indet. pod
and Medicago capsules (Fig. 10), showing that cut grassland mate-
rial was being brought into the settlement. Based on a comparison
with British NVC groups (Rodwell, 1993), the co-occurrence of
Centaurea nigra, Filipendula ulmaria, Leucanthemum vulgare, Lychnis
ﬂos-cuculi and Rhinanthus minor has been previously identiﬁed as a
hay meadow community (Table 7) (Greig, 1984, 1988b; Robinson,
2007). The NVC community, MG4 Alopecurus pra-
tensiseSanguisorba ofﬁcinalis, occurs today when areas of grassland
on seasonally ﬂooded alluvial soil are closed to grazing animals in
spring, cut for hay in July, and then grazed from early August. It is
characterised by a species-rich community including many tall
dicotyledonous plants. The NVC community MG5 Centaureo-Cyn-
osuretum cristati is managed very similarly, with the addition of
light manure in April. It is found on deep brown clayey or loamy
soils (Rodwell, 1993). Many of the other plants identiﬁed at Sil-
chester could also have also come from hay meadows, such as
Caltha palustris, Juncus spp., Luzula sp. and Thalictrum ﬂavum.The limitations of such a phytosociological approach are that the
range of seeds identiﬁed has been affected by the facts that some
seeds could have been released before the grass was harvested,
digestive taphonomy could have affected the range of taxa preserved,
and plant communities could have changed through time. These
issues have been approached through an application of the Func-
tional Integrated Botanical Surveys approach by Hodgson et al.
(1999) to the archaeobotanical dataset collated by Greig (1988b).at a Late Iron Age oppidum: Archaeobotanical evidence for ﬂax, food
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Fig. 9. Measurements of ﬂax seeds from Insula IX compared to other published sites. * ¼ average value. Barvas Machair, Pool, Saevar Hower (Bond and Hunter, 1987), Modena (Bosi
et al., 2011), Cups Hotel (Murphy, 1992), Uppåkra (Larsson, 2013) and Wrzesnica (Latalowa, 1998). W ¼ waterlogged. C ¼ charred.
L.A. Lodwick / Quaternary International xxx (2016) 1e2216This analysis showed that modern hay communities were success-
fully reclassiﬁed based on the presence of biennials, an intermediate
to tall canopy height and low stress index. Table 7 summarises these
attributes for themain taxa in the Insula IX samples which contained
a diverse grassland taxa with similarities to modern hay commu-
nities. Based on ﬂowering time, the vegetation was probably cut in
July, in agreement with medieval and early modern hay manage-
ment (Stuart, 1995; Williamson, 2003). Some tall growing taxa were
present, including Centaurea nigra, Leucanthemum vulgare and Rhi-
nanthus minor. Most of the taxa are perennials, but some biennials
were present such as Rhinanthus minor and Scabiosa columbaria. The
stress index of most taxa is low, although some species such as Fili-
pendula ulmaria do cope well with stress. Furthermore, the presence
of low-growing plants, such as Eleocharis palustris and Linum
catharticum, which are not listed components of MG4 or MG5 today
(Rodwell, 1993), suggests either management practices were
different, or that these taxa entered the deposits from other sources.
The contexts containing hay date to c. AD30e55 (well 8328) and
AD43e70/80 (well 5791). There is no evidence for a similar hay
meadow ﬂora from the large number of Iron Age waterlogged as-
semblages studied in the Thames Valley, the earliest current evi-
dence for hay coming from early Roman Claydon Pike and Farmoor
in the Upper Thames Valley (Booth et al., 2007, p. 280). Hence, these
waterlogged assemblages represent the earliest evidence for hay
meadow management in Britain. Furthermore, experimental
cultivation has shown that it takes 20þ years of hay meadow
management for plant succession fromweed and wasteland to hay
meadow to take place, or quicker from grazed pasture (McDonald,
2007). Thus, this innovative new grassland management technique
was most likely being practised at pre-conquest Insula IX.Table 8
Contexts containing the stable manure indicator group (Kenward and Hall, 1997; Hall an
Well Context Period Dung Fodder
Cereal bran Flax seeds
and capsules
Spelt/emmer
grains/glume bases
B
g
8328 9309 0 þ þ þ
1586 3932 1 þ þ
5791 6485 1 þ þ þ þ
5791 6897 1 þ þ
Please cite this article in press as: Lodwick, L.A., Agricultural innovations
and fodder from Calleva Atrebatum, UK, Quaternary International (2016)5.3. Stable ﬂooring material
The well ﬁlls which contained hay and ﬂax, also produced
other materials such as bracken, gorse, cereal bran, wet ground
plants and cereal chaff (Table 8). Various uses can be suggested
for these materials. For instance historical evidence shows that
bracken can be used for packaging, fuel, potash and litter
(Rymer, 1976; Mabey, 1977). Young gorse shoots can be used for
fodder (Rymer, 1979), or animal and human bedding (Mabey,
1977). Also present in these contexts were numerous wet
ground plants. The most common wet ground plants are mainly
low growing (Eleocharis palustris, Juncus articulatus), making it
unlikely that these seeds originated from thatching or ﬂooring
material. Instead, the highest diversity of wet ground plants is
in contexts which also contain much cereal bran, suggesting a
shared origin in animal dung. Plants such as Apium nodiﬂorum,
Hydrocotyle vulgaris, Lycopaeus europaeus and Ranunculus subg.
Batrachium grow on banksides and wet meadows, areas where
animals likely to have grazed. Horses can graze very close to the
ground (Pilliner, 1992), and many seeds can survive the diges-
tive process (Wallace and Charles, 2013). The abundance of
cereal bran in wells 8328 and 5791 indicate the presence of
digested plant material. However a more secure identiﬁcation
of dung requires the study of parasite eggs (Jones, 1982), phy-
toliths, faecal spherulites (Lanceolotti and Madella, 2012) as
well as biomolecular and micromorphological analysis (Shillito
et al., 2011). Microbotanical and micromorphological tech-
niques have been applied to well 8328, and will be contrasted in
future publications with the archaeobotanical evidence (Fulford
et al., forthcoming).d Kenward, 1998) from Late Iron Age and Early Roman Insula IX.
Litter
arley
rains/rachis
Grassland plants Holly leaves Bracken/gorse Leaves/buds
þ þ þ þ
þ þ
þ þ þ
þ þ þ
at a Late Iron Age oppidum: Archaeobotanical evidence for ﬂax, food
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Fig. 10. Components of the stable-manure package identiﬁed at Periods 0e1 Insula IX. AeC Heathland material. A: Sphagnum sp., B: Ulex europaeus spine, C: Pteridium aquilinium
frond. DeI: Crop-processing material D: Cereal culm, E: Agrostemma githago fragment, F: Triticum spelta spikelet, G: Hordeum rachis, H: Linum usitatissimum seed, I: Linum usi-
tatissimum capsule. JeR: Hay meadow taxa J: Centaurea nigra bract, K:Medicago sp. capsule, L: Trifolium calyx, M; Fabaceae indet. pod fragment, N: Rhinanthus minor, O: Lychnis ﬂos-
cuculi, P: Linum catharticum, Q: Prunella vulgaris, R: Filipendula ulmaria. SeV Marshy grassland components. S: Eleocharis palustris, T: Caltha palustris, U: Pulicaria sp., V: Myosotis sp.
All scale bars ¼ 2 mm.
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L.A. Lodwick / Quaternary International xxx (2016) 1e2218The contexts inwhich thesematerials co-occur is summarised in
Table 8, in which a range of materials (bracken, cereal bran, ﬂax,
wet ground plants, cereal chaff), are present which can be inter-
preted as bedding, fodder, hay and dung. This strongly suggests
these assemblages match the indicator group of stable-manure,
referring to coarse-texture material which has accumulated in a
byre or stable (Kenward and Hall, 1997; Hall and Kenward, 1998).
The presence of fragmented Agrostemma githago seeds and Faba-
ceae pods is also indicative of digested material (Kenward and Hall,
2012, p. 8), and the cereal chaff and ﬂax capsules and seeds can be
interpreted as fodder. The high abundance of nitrophilous weeds in
these contexts, such as Chenopodium album and Stellaria media, are
likely to have been growing on middens accumulated from this
stable ﬂooring material within the Insula IX area, which were then
used to backﬁll the well shafts once they had gone out of use. For
instance, context (9309) within well 8328 was recorded during
excavation as having been dumped from the south-east due to the
sloping context boundary, and contained a heterogeneous mix of
plant remains, animal bones, quern stone fragments and pottery.
When combined with other ﬁnds present in these contexts (nails,
vivianite, animal bones), they allow the identiﬁcation of the indi-
cator package of stable manure.
To date, this is amongst the earliest evidence of stable ﬂooring
material in Britain (Kenward and Hall, 2012), comparable to the
assemblages dated to the AD50s at 1 Poultry, London (Davis, 2011).
The presence of this stable manure means that animals were being
stabled within Insula IX, from c. AD30 to 70/80, most likely for
reasons of access to land. If the areawithin the Inner Earthworkwas
entirely populated, the nearest pasture would have been 0.5 km or
more away. However, the stabling of animals close to houses would
have also improved access to secondary products, perhaps enabling
households to have independent food supplies, in addition to
facilitating long distance transport of people and/or goods. The
evidence for animal stabling corresponds with suggestions that
oppida, and Silchester in particular, were orientated towards the
management of horses (Creighton, 2000, p. 18; Mattingly, 2007, p.
59).
5.4. New plant foods and horticulture
Wells 10421 and 8328 produced the earliest bioarchaeological
evidence for the import of new plant foods to Late Iron Age Britain
in the form of celery, coriander and olive (Lodwick, 2014). The
additional evidence from the earliest phase of Early Roman occu-
pation, AD43e70/80, sees largely a continuation of the same con-
sumption patterns as in the Late Iron Age. Celery (60%) and
coriander (55%) are very frequent in the period one wells. Two
additional new plant foods are present: fennel and sweet cherry.
Fennel is a perennial herb, and its absence from pre-Roman de-
posits in Britain shows it to be a Roman introduction. Overall,
fennel is rare in Roman Britain, associated mainly with major
towns, and it decreases in frequency from the Early Roman period
(Van der Veen et al., 2008). The status of sweet cherry is debated,
but it is most likely to be a Roman introduction (Moffett et al., 1989).
Cherries are found at all site types in Roman Britain, and increase in
frequency over time (Van der Veen et al., 2008).
The presence of these plant foods alongside much larger
quantities of stable ﬂooring material and hay disposed of in the
wells hinders the interpretation of the higher frequencies of celery
and coriander, as opposed to fennel, olive and sweet cherry. The
plant foods may have originated from human faecal material, food
preparation waste or from horticultural plots within the Insula IX
area. Considering only the ﬂavourings which would have been
subject to similar methods of food preparation, it is clear that celery
and coriander were much more frequent occurrences in the refusePlease cite this article in press as: Lodwick, L.A., Agricultural innovations
and fodder from Calleva Atrebatum, UK, Quaternary International (2016)material dumped into the wells than fennel. This pattern may be
interpreted as evidence that horticulture was being undertaken.
These ﬂavourings are recorded across a range of deposit types
(Table 6), showing they were present in the background settlement
noise, and not just as components of refuse dumped into wells. In
contrast, dill and fennel seeds are only found in dumped well-
contexts (Table 6). When primary ﬁlls were sampled, as in the
case of context (6923) from well 5791, 15% of the identiﬁed seeds
were celery, indicating that there was a consistent source of celery
seeds in the near vicinity throughout the period that thewell was in
use. Alternatively, this pattern may indicate that celery and cori-
ander were being used more frequently in food preparation, hence
more common occurrences in refuse deposits.
The substantial assemblage of Early Roman waterlogged sam-
ples from Insula IX has shown a strong continuity in plant food diet
before and after the Roman conquest. Rather than a ‘Romanising’
diet, this shows that plant foods were selectively chosen c.
20BCeAD20 for a range of reasons (Lodwick, 2014) and continued
to be popular post-conquest. When compared to the evidence for
the presence of imported plant foods across Roman Britain in the
ﬁrst century AD, the range of foods consumed at Silchester appears
restricted. At the administrative and trading centre of London,
numerous Roman exotics were being consumed in the Early Roman
period including ﬁg and mulberry (Livarda and Orengo, 2015).
Military populations also had access to exotics such as dates as seen
at the colonia at Colchester c. AD60/61 (Murphy, 1984). Given that
waterlogged preservation is the best form of preservation for pre-
serving non-cereal plant foods (Jacomet, 2013) and considering the
large number of seeds and samples studied, the absence of certain
exotic plant foods in the Claudio-Neronian period at Silchester
appears genuine. This relative conservatism in the selection of the
range of new plant foods available following the Roman invasion
parallels the ceramic evidence at British oppida, which indicates a
continuation in Late Iron Age consumption patterns, as Gallo-Belgic
ceramics continued to arrive at oppida post-conquest through
traders, independent of the military supply to forts and emerging
urban centres (Pitts, 2010, p. 45).
5.5. Agricultural innovations at Silchester and beyond
The detailed analysis of waterlogged plant remains from Late
Iron Age and Early Roman occupation within the Insula IX area of
the oppidum at Silchester have shown that agricultural practices
included the production of hay and ﬂax. Of the models presented in
section 1, these support the model of agricultural innovations,
albeit with a focus on animal foddering. Considering the develop-
ment of the oppidum at Silchester, ﬂax cultivation, hay meadow
management and animal stabling are not evidenced from the
earliest well, 10421 (Table 5). Neither did the small waterlogged
assemblages studied from two contemporary wells at the forum-
basilica site (Jones, 2000) show any evidence for these activities,
although spatial variation in settlement activity is a possible
explanation for this absence. Furthermore, no evidence for hay
management and animal stabling is present in the surrounding
region, with very limited evidence for ﬂax cultivation (Lambrick
and Robinson, 2009, p. 254). This implies that the change in agri-
cultural practices was a response to, rather than a driver of, the
urbanisation process. The dense settlement and presence of non-
agriculturalists (craft specialists and elites) would have required
novel methods of food production. Whilst these practices may have
been a reaction of the occupants of Silchester to settlement
nucleation, they may also have been introduced by new arrivals at
the settlement, such as immigrants from northern France (Fulford
and Timby, 2000, p. 64), obsides (Creighton, 2006) or the Roman
military. The intensiﬁcation of fodder management, with increasedat a Late Iron Age oppidum: Archaeobotanical evidence for ﬂax, food
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expansion of cereal cultivation (cf. Williamson, 2003, p. 169), a
hypothesis which the ongoing analysis of charred plant remains
will inform upon. There is currently no evidence for surplus cereal
production at Insula IX, such as storage pits or high density deposits
of charred cereal grain. The ongoing analysis of charred plant re-
mains will provide further insights, and quantitative regional syn-
thesis is required to conﬁrm whether these practices were indeed
absent in the Iron Age Thames Valley (Lambrick and Robinson,
2009) and do indeed represent agricultural innovations taking
place at Silchester.
Beyond providing insights into the process of settlement
nucleation, the agricultural practices identiﬁed at Silchester also
provide tentative evidence for the social organisation of the com-
munity resident at the oppidum (Hill, 2011, p. 253). The con-
sumption of imported plant foods during the Late Iron Age supports
the common argument that elites or kings were drawing on im-
ported material culture to assert their status (Van der Veen, 2007).
However, celery and coriander become so common in the Early
Roman period that they suggest a wider portion of society was
adopting these new ﬂavours, although the presence of these plant
foods in refuse deposits hinders further interpretation. In contrast,
haymeadowmanagement and ﬂax cultivation both point towards a
level of social organisation beyond the household level. The suc-
cessful management of hay meadows relies on enclosing an area of
alluvial meadow in April/May to prohibit grazing of the grassland
(Greig, 1984, 1988b). Rapid labour mobilisation is required to har-
vest the hay in the short time-window in July when hay ripens, and
the transport and drying of cut grassland material to the oppidum
would have potentially drawn on labour resources beyond the
household level. The limited distribution of waterlogged samples
within chronological phases at Insula IX hinders an exploration of
how many households were engaged in hay meadow and ﬂax
cultivation.
Whilst the analysis of waterlogged plant remains from Insula IX
has informed upon the relationship between agricultural practice
and urbanisation, a wider comparison is limited by the archae-
obotanical datasets available. Within Britain, the only oppidum
with well studied archaeobotanical remains is Stanwick, Yorkshire.
Charred plant remains indicate the onsite processing of spelt
wheat, grown under an extension cultivation regime with low
levels of soil disturbance and fertility (Van der Veen, forthcoming).
Regarding the archaeobotanical record available from European
oppida, there is a general lack of waterlogged plant remains with
which to compare evidence of foddering and oil crops. Charred
plant remains indicate the cultivation of cereals consistent with
those of the surrounding Iron Age settlements, as at Boviolles
(Bonaventure et al., 2014), Kelheim, Bavaria (Küster, 1993), Bibracte
(Durand and Wiethold, 2014) and Stare Hradisko (Danielisova and
Hajnalova, 2014). Yet, the spread of new plant foods before Roman
expansion has also been evidenced in the Aisne valley, where celery
has been identiﬁed at Damary and Villeneuve St Germain (Bakels,
1999). The identiﬁcation of charred crop-processing residues
further conﬁrms that crops were being processed on site, as at
Manching (Küster, 1998). Evidence for large-scale crop storage
appears to be restricted to the Augustan phases of oppida in France,
evidenced by large charred storage deposits of cereal grains at
Boviolles (Bonaventure et al., 2014) and Bibracte (Durand and
Wiethold, 2014).
The development of oppida is a broad and variable process, yet
following the site speciﬁc case study of Silchester and this brief
European comparison, a number of trends can be identiﬁed. First,
this phase of urbanisation is not associated with any changes in
the range of staple crops cultivated, or a separation of cereal-
processing from oppida settlements. Rather, the spread of newPlease cite this article in press as: Lodwick, L.A., Agricultural innovations
and fodder from Calleva Atrebatum, UK, Quaternary International (2016)ﬂavourings is evidenced at several sites. Second, the activities of
animal-focussed, plant-management strategies were evidenced at
Silchester, but the implications for the broader understanding of
oppida urbanisation requires the sampling and analysis of further
settlements with the preservation of waterlogged plant remains.
In order to fully investigate the relationship between agricultural
changes and urbanisation in the later 1st millennium BC, it is
crucial to evaluate each site on an individual basis and with
multiple lines of palaeoenvironmental and bioarchaeological evi-
dence. The incorporation of further lines of archaeological and
environmental datasets with those presented in this paper will
allow the interpretations made here to be evaluated. Despite the
large-scale excavations within the Insula IX area, the low number
of wells producing waterlogged plant remains and the dominance
of dumped midden material as opposed to gradual accumulations,
limits the inferences that can be made concerning the spatial
distribution of activities within the Late Iron Age and Early Roman
settlement. The continued application of bulk sampling to Sil-
chester itself and other oppida will ensure the models proposed
here can be investigated more fully.6. Conclusion
This paper has reviewed the models of agricultural practices at
oppida, and presented the ﬁrst detailed analysis of waterlogged
plant remains from an occupation area within a British oppidum
spanning the Late Iron AgeeEarly Roman transition. Whilst pre-
vious considerations of the relationship between agricultural
change and late ﬁrst millennium BC urbanisation have lacked any
rigorous archaeobotanical analysis, this research has produced
evidence for ﬂax cultivation, hay meadow management, the sta-
bling of animals, and the consumption of new plant foods. This
archaeobotanical evidence indicates that the production of fodder
for animals stabled within Silchester was an aspect of agriculture,
potentially as a reaction to the settlement nucleation taking place
from c. 20BC onwards. The evidence available currently ﬁts best
with models of agricultural innovation, in reaction to, rather than
a driver of, urbanisation. Quantitative regional synthesis of
archaeobotanical data is required to establish to what extent
these agricultural practices were restricted to the oppidum at
Silchester.
The identiﬁcation of stable ﬂooring material has only been
possible through the detailed contextual analysis of anthropogenic
waterlogged plant remains. These ﬁndings of the practice of fod-
dering at Silchester, must be evaluated further by ongoing analysis
of charred plant remains from Insula IX, and by a number of
archaeological (ceramics, zooarchaeological data) and multiproxy
palaeoenvironmental methods at the site and landscape level
(Fulford et al., forthcoming). The plausibility of evaluating these
results against British oppida and more broadly across Europe is
reliant on the continued systematic study and analysis of plant
macrofossils, alongside further bioarchaeological and geo-
archaeological techniques, and comparison of these results with
those from sites in the environs of oppida (Moore et al., 2013).Acknowledgments
This research was undertaken during an AHRC DPhil student-
ship (grant number AH/I01215X/1) at the University of Oxford.
Many thanks to the excavation directors, Mike Fulford and Amanda
Clarke, and all project staff and students. I am very grateful to
Professor Mark Robinson for providing advice on the identiﬁca-
tions, and Professor Mike Fulford, and two referees, for providing
comments on the text.at a Late Iron Age oppidum: Archaeobotanical evidence for ﬂax, food
, http://dx.doi.org/10.1016/j.quaint.2016.02.058
L.A. Lodwick / Quaternary International xxx (2016) 1e2220Appendix A. Supplementary data
Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.quaint.2016.02.058.References
Andresen, S.T., Karg, S., 2011. Retting pits for textile ﬁbre plants at Danish prehis-
toric sites dated between 800 B.C. and A.D. 1050. Vegetation History and
Archaeobotany 20 (6), 517e526.
Bakels, C., 1999. Archaeobotanical investigations in the Aisne valley, northern
France, from the Neolithic up to the early Middle Ages. Vegetation History and
Archaeobotany 8, 71e77.
Birks, H.J.B., 2014. Challenges in the presentation and analysis of plant-macrofossil
stratigraphical data. Vegetation History and Archaeobotany 23 (3), 309e330.
Bonaventure, B., Meniel, P., Pieters, M., Wiethold, J., 2014. L'alimentation sur
l'oppidum de Boviolles (Meuse): regards croises sur la faune, les graines la
vaisselle et l'instrumentum. Archeologia Mosellana 9, 259e294.
Bond, J.M., Hunter, J.R., 1987. Flax-growing in Orkney from the Norse period to the
18th century. Proceedings of the Society Antiquaries Scotland 117, 175e181.
Boon, G., 1974. Silchester: the Roman Town of Calleva. David & Charles, Newton
Abbot.
Booth, P., Dodd, A., Robinson, M., Smith, A., 2007. The Thames Through Time: the
Archaeology of the Gravel Terraces of the Upper and Middle Thames: the Early
Historical Period, AD 1e1000. Oxford University School of Archaeology, Oxford.
Bosi, G., Mazzanti, M.B., Florenzano, A., N’siala, I.M., Pederzoli, A., Rinaldi, R.,
Torri, P., Mercuri, A.M., 2011. Seeds/fruits, pollen and parasite remains as evi-
dence of site function: piazza Garibaldi e Parma (N Italy), dated to the Imperial
Age, ﬁrst half 1st century A.D. Vegetation History and Archaeobotany 20 (6),
543e548.
Bradley, R., Lobb, S., Richards, J., Robinson, M., 1980. Two Late Bronze Age settle-
ments on the Kennet Gravels: excavations at Aldermaston Wharf and Knight's
Farm, Burghﬁeld, Berkshire. Proceedings of the Prehistoric Society 46, 217e295.
Brewis, A., Bowman, P., Rose, F., 1996. The Flora of Hampshire. Harley Books,
Colchester.
Brun, P., 1995. From chiefdom to state: organization in Celtic Europe. In: Arnold, B.,
Blair, G.D. (Eds.), Celtic Chiefdom, Celtic State: the Evolution of Complex Social
Systems in Prehistoric Europe. Cambridge University Press, Cambridge,
pp. 113e125.
Bryant, S., 2007. Central places or special places? The origins and development of
“oppida” in Hertfordshire. In: Haselgrove, C., Moore, T. (Eds.), The Later Iron Age
in Britain and Beyond. Oxbow, Oxford, pp. 62e80.
Burnham, B., Collis, J., Dobinson, C., Haselgrove, C., Jones, M., 2001. Themes for
urban research, c 100 BC to AD 200. In: James, S., Millett, M. (Eds.), Britons and
Romans: Advancing an Archaeological Agenda. Council for British Archaeology,
York, pp. 6e76.
Campbell, G., 2008. Plant utilization in the countryside around Danebury: a Roman
perspective. In: Cunliffe, B., Poole, C. (Eds.), The Danebury Environs Roman
Programme. A Wessex Landscape in the Roman Era, Overview, vol. 1. Oxford
University School of Archaeology, Oxford, pp. 53e74.
Campbell, G., Hamilton, J., 2000. Danebury environs: agricultural change in the Iron
Age. In: Bailey, G., Charles, R., Winder, N. (Eds.), Human Ecodynamics: Pro-
ceedings of the Association for Environmental Archaeology Conference 1998
Held at the University of Newcastle upon Tyne. Oxbow, Oxford, pp. 114e122.
Campbell, G., Straker, V., 2003. Prehistoric crop husbandry and plant use in
southern England: development and regionality. In: Robson Brown, K. (Ed.),
Archaeological Sciences 1999, Proceedings of the Archaeological Sciences
Conference. University of Bristol, 1999. Archaeopress, Oxford, pp. 14e30.
Cappers, T., Bekker, R., Jans, J., 2012. Digital Seed Atlas of the Netherlands. Barkhuis,
Groningen.
Carruthers, W., 1992. Plant remains. In: Butterworth, C.A., Lobb, S.J. (Eds.), Excava-
tions in the Burghﬁeld Area, Berkshire: Developments in the Bronze Age and
Saxon Landscapes. Wessex Archaeology, Salisbury, pp. 149e158.
Childe, V.G., 1950. The urban revolution. The Town Planning Review 21 (1), 3e17.
Collis, J., 1984. Oppida: Earliest Towns North of the Alps. University of Shefﬁeld,
Shefﬁeld.
Collis, J., 2000. “Celtic” oppida. In: Hansen, M. (Ed.), A Comparative Study of Thirty
City-State Cultures: an Investigation Conducted by the Copenhagen Polis
Centre. Kongelige Dansk Videnskabernes Selskab, Copenhagen, pp. 229e239.
Cowgill, G., 2004. Origins and development of urbanism: archaeological perspec-
tives. Annual Review of Anthropology 33, 525e549.
Crawley, M., 2005. The Flora of Berkshire. Brambley Books, Harpenden.
Creighton, J., 2000. Coins and Power in Late Iron Age Britain. Cambridge University
Press, Cambridge.
Creighton, J., 2006. Britannia: the Creation of a Roman Province. Cambridge Uni-
versity Press, Cambridge.
Cunliffe, B., 1976. The origins of urbanisation in Britain. In: Cunliffe, B., Rowley, T.
(Eds.), Oppida: the Beginnings of Urbanisation in Barbarian Europe, British
Archaeological Reports International Series, vol. 11, pp. 135e161. Oxford.
Cunliffe, B., 2012. Calleva in context. In: Fulford, M. (Ed.), Silchester and the Study of
Romano-British Urbanism, Journal of Roman Archaeology Supplementary Se-
ries Number 90, pp. 15e21. Portsmouth, Rhode Island.Please cite this article in press as: Lodwick, L.A., Agricultural innovations
and fodder from Calleva Atrebatum, UK, Quaternary International (2016)Curtler, W.H.R., 1912. Agriculture. In: Page, W. (Ed.), The Victoria History of
Hampshire and the Isle of Wight, vol. V. Constable and Company Limited,
London, pp. 493e512.
Danielisova, A., Hajnalova, M., 2014. Oppida and agricultural production e state of
the art and prospects: case study from the Stare Hradisko oppidum (Czech
Republic). In: Hornung, S. (Ed.), Produktion, Distribution, €Okonomie: Siedlungs-
und Wirtschaftsmuster der Latenezeit. Halbert Verlag, Bonn, pp. 407e428.
Danielisova, A., Olsevicova, K., Cimler, R., Machalek, T., 2015. Understanding the Iron
Age economy: sustainability of agricultural practices under stable population
growth. In: Wurzer, G., Kowarik, K., Reschreiter, H. (Eds.), Agent-Based Modelling
and Simulation in Archaeology. Springer International Publishing, pp. 183e216.
Davis, A., 2011. Botanical remains. In: Hill, J., Rowsome, P. (Eds.), Roman London and
the Walbrook Stream Crossing: Excavations at 1 Poultry and Vicinity, City of
London Part II, Museum of London Archaeology Monograph, vol. 37,
pp. 524e533. London.
Ditchﬁeld, P.H., Anker Simmons, W., 1907. Agriculture. In: Ditchﬁeld, P.H. (Ed.), The
Victoria History of Berkshire, vol. 2. Archibald Constable and Company Limited,
London, pp. 339e341.
Durand, F., Wiethold, J., 2014. Social status and food diet in Bibracte, Morvan
(Burgundy, France). In: Chevalier, A., Marinova, E., Pe~na-Chocarro, L. (Eds.),
Plants and People: Choices and Diversity Through Time (Earth Series). Oxbow
Books, Oxford, pp. 412e420.
Finley, M., 1981. The ancient city: from Fustel de Coulanges to Max Weber and
beyond. In: Saller, R., Shaw, B. (Eds.), Economy and Society in Ancient Greece.
Chatto & Windus, London, pp. 3e23.
Fitter, A., Peat, H., 1994. The ecological ﬂora database. Journal of Ecology 82,
415e425.
Fulford, M., 1993. Silchester: the early development of a civitas capital. In: Greep, S.J.
(Ed.), Roman Towns: the Wheeler Inheritance. Council for British Archaeology,
York, pp. 16e33.
Fulford, M., 2001. Links with the past: pervasive “ritual” behaviour in Roman
Britain. Britannia 32, 199e218.
Fulford, M., Clarke, A., 2009. Silchester Insula IX: the “Town Life” Project
2006e2009. Department of Archaeology, University of Reading, Reading.
Fulford, M., Clarke, A., 2011a. Silchester: City in Transition: the Mid-Roman Occu-
pation of Insula IX c. A.D. 125e250/300: a Report on Excavations Undertaken
Since 1997. In: Britannia Monograph Series, vol. 25. Society for the Promotion of
Roman Studies, London.
Fulford, M., Clarke, A., 2011b. Silchester: City in Transition: the Mid-Roman Occu-
pation of Insula IX c. A.D. 125e250/300: a Report on Excavations Undertaken
Since 1997. Website. https://www.reading.ac.uk/silchester/i3/cit/index.htm
(accessed 12.11.15.).
Fulford, M., Timby, J., 2000. Late Iron Age and Roman Silchester: Excavations on the
Site of the Forum Basilica, 1977, 1980e1986. In: Britannia Monograph Series,
vol. 15. Society for the Promotion of Roman Studies, London.
Fulford, M., Clarke, A., Eckardt, H., Shaffrey, R., 2002. Victorian excavation meth-
odology: the society of antiquaries at Silchester in 1893. The Antiquaries Journal
82, 285e306.
Fulford, M., Clarke, A., Eckardt, H., 2006. Life and Labour in Late Roman Silchester:
Excavations in Insula IX since 1997. In: Britannia Monograph Series, vol. 22.
Society for the Promotion of Roman Studies, London.
Fulford, M., Clarke, A., Taylor, F., 2011. Silchester Insula IX. The “Town Life” Project
2009e2010. Department of Archaeology, University of Reading, Reading.
Fulford, M., Clarke, A., Pankhurst, N., Lucas, S., 2013. Silchester Insula IX: the “Town
Life” Project 2012. Department of Archaeology, University of Reading, Reading.
Fulford, M., et al., 2016. Late Iron Age Silchester, Insula IX. In: Britannia Monograph
Series. Society for the Promotion of Roman Studies, London (forthcoming).
Garland, N., 2013. Ritual landscapes of pre-Roman Britain: the margins of practice
on the margins of the Empire. In: Bokern, A., Bolder-Boos, M., Krmnicek, S.,
Maschek, D., Page, S. (Eds.), TRAC 2012: Proceedings of the Twenty-Second
Theoretical Roman Archaeology Conference Frankfurt 2012. Oxbow Books,
Oxford, pp. 183e198.
Greig, J., 1984. The palaeoecology of some British hay meadow types. In: van
Zeist, W., Casparie, W.A. (Eds.), Plants and Ancient Man: Studies in Palae-
oethnobotany. A.A. Balkema, Rotterdam, pp. 213e226.
Greig, J., 1988a. The interpretation of some Roman well ﬁlls from the midlands of
England. In: Küster, H. (Ed.), Der Pr€ahistorische Mensch und seine Umwelt.
Theiss, Stuttgart, pp. 367e381.
Greig, J., 1988b. Some evidence of the development of grassland plant communities.
In: Jones, M. (Ed.), Archaeology and the Flora of the British Isles, Oxford Uni-
versity Committee for Archaeology Monograph, vol. 14, pp. 39e52. Oxford.
Hall, A., Kenward, H., 1998. Disentangling dung: pathways to stable manure. Envi-
ronmental Archaeology 1, 123e126.
Hall, A., Kenward, H., 2003. Can we identify biological indicator groups for craft,
industry and other activities? In: Murphy, P., Wiltshire, P.E.J. (Eds.), The Envi-
ronmental Archaeology of Industry, Symposia of the Association for Environ-
mental Archaeology, vol. 20. Oxbow Books, Oxford, pp. 114e130.
Hall, A.R., Kenward, H.K., Williams, D., 1980. Environmental Evidence from Roman
Deposits in Skeldergate. Council for British Archaeology, London.
Haselgrove, C., 1976. External trade as a stimulus to urbanisation. In: Cunliffe, B.,
Rowley, T. (Eds.), Oppida: the Beginnings of Urbanisation in Barbarian
Europe, British Archaeological Reports (Supplementary Series 11), Oxford,
pp. 25e49.
Haselgrove, C., 1996. Roman impact on rural settlement and society in southern
Picardy. In: Roymans, N. (Ed.), From the Sword to the Plough: Three Studies onat a Late Iron Age oppidum: Archaeobotanical evidence for ﬂax, food
, http://dx.doi.org/10.1016/j.quaint.2016.02.058
L.A. Lodwick / Quaternary International xxx (2016) 1e22 21the Earliest Romanisation of Northern Gaul. Amsterdam University Press,
Amsterdam, pp. 127e187.
Haselgrove, C., 2000. The character of oppida in Iron Age Britain. In: Guichard, V.,
Sievers, S., Urban, O. (Eds.), Les Processus d'Urbanisation a L'A^ge du Fer: Actes
du Colloque Glux-en-Glenne, 8e11 Juin 1998 (Glux-en-Glenne). Centre Arch-
eologique Europeen du Mont Beuvray, Glux-en-Glenne, pp. 103e110.
Haselgrove, C., Millett, M., 1997. Verlamion reconsidered. In: Gwilt, A.,
Haselgrove, C. (Eds.), Reconstructing Iron Age Societies, OxbowMonograph, vol.
71, pp. 282e296. Oxford.
Herbig, C., Maier, U., 2011. Flax for oil or ﬁbre? Morphometric analysis of ﬂax seeds
and new aspects of ﬂax cultivation in Late Neolithic wetland settlements in
southwest Germany. Vegetation History and Archaeobotany 20 (6), 527e533.
Hill, J.D., 1995. The pre-Roman Iron Age in Britain and Ireland (ca. 800 B.C. to A.D.
100): an overview. Journal of World Prehistory 9 (1), 47e98.
Hill, J.D., 2007. The dynamics of social change in Later Iron Age eastern and south-
eastern England c. 300 BCeAD 43. In: Haselgrove, C., Moore, T. (Eds.), The Later
Iron Age in Britain and Beyond. Oxbow Books, Oxford, pp. 16e40.
Hill, J.D., 2011. How did British Middle and Late pre-Roman Iron Age societies work
(if they did)? In: Moore, T., Armada, X. (Eds.), Atlantic Europe in the First Mil-
lennium BC: Crossing the Divide. Oxford University Press, Oxford, pp. 242e263.
Hodgson, J., Halstead, P., Wilson, P.J., Davis, S., 1999. Functional interpretation of
archaeobotanical data: making hay in the archaeological record. Vegetation
History and Archaeobotany 8, 261e271.
Jacomet, S., 2013. Archaeobotany: analyses of plant remains from waterlogged
archaeological sites. In: Menotti, F., O'Sullivan, A. (Eds.), The Oxford Handbook
of Wetland Archaeology. Oxford University Press, Oxford, pp. 497e514.
Jarvis, R., 1968. Soils of the Reading District. Agricultural Research Council,
Harpenden.
Jones, M., 1981. The development of crop husbandry. In: Jones, M., Dimbleby, G.
(Eds.), The Environment of Man: the Iron Age to the Anglo-Saxon Period, British
Archaeological Reports (British Series) 87, Oxford, pp. 95e127.
Jones, A.K.G., 1982. Human parasite remains: prospects for a quantitative approach.
In: Hall, A.R., Kenward, H.K. (Eds.), Environmental Archaeology in the Urban
Context. Council for British Archaeology Research Report 43, London, pp. 66e70.
Jones, M., 2000. The plant remains. In: Fulford, M., Timby, J. (Eds.), Late Iron Age and
Roman Silchester: Excavations on the Site of the Forum Basilica, 1977, 1980e86,
Britannia Monograph Series, vol. 15. Society for the Promotion of Roman
Studies, London, pp. 505e512.
Keith-Lucas, M., 1997. Pollen. In: Barnes, I., Butterworth, C.A., Hawkes, J.W., Smith, L.
(Eds.), Excavations at Thames Valley Park, Reading, 1986e88: Prehistoric &
Romano-British Occupation of the Floodplain & a Terrace of the River Thames.
Wessex Archaeology, Salisbury, pp. 99e106.
Kenward, H., Hall, A., 1997. Enhancing bioarchaeological interpretation using indi-
cator groups: stable manure as a paradigm. Journal of Archaeological Science
24, 663e673.
Kenward, H., Hall, A., 2012. Dung and stable manure on waterlogged archaeological
occupation sites: some ruminations on the evidence from plant and inverte-
brate remains. In: Jones, R. (Ed.), Manure Matters: Historical, Archaeological and
Ethnographic Perspectives. Ashgate Publishing Limited, Farnham, pp. 79e95.
Kenward, H., Addyman, P., Hall, A., Jones, A., 1986. Environmental Evidence from a
Roman Well and Anglian Pits in the Legionary Fortress. Council for British
Archaeology, London.
Kristiansen, K., 1998. Europe Before History. Cambridge University Press,
Cambridge.
Küster, H., 1993. The carbonized plant remains. In: Wells, P. (Ed.), Settlement,
Economy and Cultural Change at the End of the European Iron Age. Excavations
at Kelheim in Bavaria, 1987e1991, International Monographs in Prehistory,
Archaeological Series, vol. 6, pp. 57e60. Ann Arbor.
Küster, H., 1998. Neue analysen an pﬂanzenresten aus Manching. In: Sievers, S. (Ed.),
Vorbericht Fiber die Ausgrabungen 1996e1997 im Oppidum von Manching,
Germania 76: 619e672, Teil 6, pp. 659e661.
Lambrick, G., Robinson, M., 2009. The Thames Through Time: the Archaeology of
the Gravel Terraces of the Upper and Middle Thames: the Thames Valley in Late
Prehistory, 1500 BCeAD 50. Oxford University School of Archaeology, Oxford.
Lanceolotti, C., Madella, M., 2012. The “invisible” product: developing markers for
identifying dung in archaeological contexts. Journal of Archaeological Science
39 (4), 953e963.
Larsson, M., 2013. Cultivation and processing of Linum usitatissimum and Camelina
sativa in southern Scandinavia during the Roman Iron Age. Vegetation History
and Archaeobotany 22 (6), 509e520.
Latalowa,M.,1998. Botanical analysis of a bundle ofﬂax (LinumusitatissimumL.) from
an early medieval site in northern Poland; a contribution to the history of ﬂax
cultivation and its ﬁeld weeds. Vegetation History and Archaeobotany 7, 97e107.
Livarda, A., Orengo, H., 2015. Reconstructing the Roman London ﬂavourscape: new
insights into the exotic plant food trade using network and spatial analyses.
Journal of Archaeological Science 55, 244e252.
Lodwick, L., 2014. Condiments before Claudius: new plant foods at the Late Iron Age
oppidum at Silchester, UK. Vegetation History and Archaeobotany 23, 543e549.
Lodwick, L., 2016. “The debatable territory where geology and archaeology meet”:
reassessing the early archaeobotanical work of Clement Reid and Arthur Lyell at
Roman Silchester. Environmental Archaeology. http://dx.doi.org/10.1080/
14614103.2015.1116218 (forthcoming) . http://www.tandfonline.com/doi/ref/10.
1080/14614103.2015.1116218.
Mabey, R., 1977. Plants with a Purpose: a Guide to the Everyday Uses of Wild Plants.
Collins, London.Please cite this article in press as: Lodwick, L.A., Agricultural innovations
and fodder from Calleva Atrebatum, UK, Quaternary International (2016)Mathers, S., Smith, N., 2000. Geology of the Reading District e a brief explanation of
the Geological Map. In: Sheet Explanation of the British Geological Survey. 1:
50,000 Sheet 268 Reading (England & Wales). British Geological Society Key-
worth, Nottingham.
Mattingly, D., 2007. An Imperial Possession: Britain in the Roman Empire, 54
BCeAD 409. Penguin, London.
McDonald, A.W., 2007. The effect of management on the biodiversity of a recreated
ﬂoodplain meadow in the upper Thames valley: a case study of Somerford
Mead. Fritillary 5, 79e95.
Met Ofﬁce, 2015. UK Climate. Website accessed 28.06.15. http://www.metofﬁce.gov.
uk/public/weather/climate/.
Moffett, L., Robinson, M., Straker, V., 1989. Cereals, fruit and nuts: charred plant
remains from Neolithic sites in England and Wales and the Neolithic economy.
In: Gardner, N., Milles, A., Williams, D. (Eds.), The Beginnings of Agriculture,
British Archaeological Reports International Series, vol. 496, pp. 243e261.
Oxford.
Monk, M., 1984. Plant macrofossils e the south-east gate. In: Fulford, M. (Ed.),
Silchester Defences 1974e80. Society for the Promotion of Roman Studies,
Britannia Monograph Series, vol. 5, p. 222. London.
Moore, T., 2012. Beyond the oppida: polyfocal complexes and Late Iron Age societies
in southern Britain. Oxford Journal of Archaeology 31 (4), 391e417.
Moore, T., Braun, A., Creighton, J., Cripps, L., Haupt, P., Klenner, I., Sch€onfelder, M.,
2013. Oppida, agglomerations, and suburbia: the Bibracte environs and new
perspectives on Late Iron Age urbanism in central-eastern France. European
Journal of Archaeology 16 (3), 491e517.
Murphy, P., 1984. Carbonised fruits from building 5. In: Crummy, P. (Ed.), Colchester
Archaeological Report 3: Excavations at Lion Walk, Balkerne Lane and Mid-
dleborough, Colchester, Essex. Colchester Archaeological Trust, Colchester,
p. 40.
Murphy, P., 1992. Charred cereals and ﬂax from Building 152. In: Crummy, P. (Ed.),
Colchester Archaeological Report 6: Excavations at Culver Street, the Gilberd
School, and Other Sites 1971e85. Colchester Archaeological Trust, Colchester,
pp. 273e287.
Neef, R., Cappers, E., Bekker, R., 2011. Digital Atlas of Economic Plants in Archae-
ology. Barkhuis, Groningen.
Pilliner, S., 1992. Horse Nutrition and Feeding. Blackwell Scientiﬁc, Oxford.
Pitts, M., 2010. Re-thinking the southern British oppida: networks, kingdoms and
material culture. European Journal of Archaeology 13 (1), 32e63.
Robinson, M., 2007. The paleoecology of alluvial hay meadows in the Upper Thames
Valley. Fritillary 5, 47e57.
Robinson, M., 2011. The macroscopic plant and invertebrate remains. In: Fulford, M.,
Clarke, A. (Eds.), Silchester: City in Transition: the Mid-Roman Occupation of
Insula IX c. A.D. 125e250/300: a Report on Excavations Undertaken Since 1997,
Britannia Monograph Series, vol. 25. Society for the Promotion of Roman
Studies, London, pp. 281e293.
Robinson, M., Fulford, N., Tootell, K., 2006. Macroscopic plant remains. In:
Fulford, M., Clarke, A., Eckardt, H. (Eds.), Life and Labour in Late Roman Sil-
chester: Excavations in Insula IX Since 1997, Britannia Monograph Series, vol.
22. Society for the Promotion of Roman Studies, London, pp. 206e218.
Rodwell, J., 1993. British Plant Communities. In: Grassland and Montane Commu-
nities, vol. 3. Cambridge University Press, Cambridge.
Rymer, L., 1976. The history and ethnobotany of bracken. Botanical Journal of the
Linnean Society 73, 151e176.
Rymer, L., 1979. Ethnobotany and native distribution of Gorse (Ulex europaeus L.) in
Britain. Environmental Conservation 6 (3), 211e213.
Salac, V., 2000. The oppida in Bohemia: a wrong step in the urbanization of the
country. In: Guichard, V., Sievers, S., Urban, O.H. (Eds.), Les Processus d'Ur-
banisation a l' A^ge du Fer. Centre d'Etudes Medievales d'Auxerre, Beuvray,
pp. 151e156.
Scaife, R., 2004. Pollen analysis of a Bronze Age waterhole. In: Brossler, A., Early, R.,
Allen, C. (Eds.), Green Park (Reading Business Park): Phase 2 Excavations 1995:
Neolithic and Bronze Age Sites. Oxford University School of Archaeology, Ox-
ford, pp. 111e113.
Sharples, N., 2010. Social Relations in Later Prehistory: Wessex in the First Mil-
lennium BC. Oxford University Press, Oxford.
Shillito, L.-M., Bull, I.D., Matthews, W., Almond, M.J., Williams, J.M., 2011. Biomole-
cular and micromorphological analysis of suspected faecal deposits at Neolithic
Çatalh€oyük, Turkey. Journal of Archaeological Science 38 (8), 1869e1877.
Stace, C., 1997. New Flora of the British Isles, second ed. Cambridge University Press,
Cambridge.
Stuart, R., 1995. Hay Making and Meadow Management, 1580e1660. Stuart Press,
Bristol.
Tutin, T.G., Akeroyd, J.R., 1993. Flora Europaea. Cambridge University Press,
Cambridge.
Valamoti, S.M., 2011. Flax in Neolithic and Bronze Age Greece: archaeobotanical
evidence. Vegetation History and Archaeobotany 20 (6), 549e560.
Van der Veen, M., 2007. Food as an instrument of social change: feasting in Iron Age
and Early Roman southern Britain. In: Twiss, K. (Ed.), The Archaeology of Food
and Identity, Southern Illinois University Carbondale Occasional Paper No. 34,
Carbondale, pp. 112e129.
Van der Veen, M., 2010. Agricultural innovation: invention and adoption or change
and adaptation? World Archaeology 42 (1), 1e12.
Van der Veen, M., 2016. The arable economy. In: Haselgrove, C. (Ed.), Cartimandua's
Capital? The Late Iron Age Royal Site at Stanwick, North Yorkshire, Fieldwork
and Analysis 1981e2011, CBA Research Report 175. Council for Britishat a Late Iron Age oppidum: Archaeobotanical evidence for ﬂax, food
, http://dx.doi.org/10.1016/j.quaint.2016.02.058
L.A. Lodwick / Quaternary International xxx (2016) 1e2222Archaeology, York (forthcoming). http://www.oxbowbooks.com/oxbow/
cartimandua-s-capital.html.
Van der Veen, M., Jones, G., 2006. A re-analysis of agricultural production and
consumption: implications for understanding the British Iron Age. Vegetation
History and Archaeobotany 15 (3), 217e228.
Van der Veen, M., O'Connor, T.P., 1998. The expansion of agricultural production in
Late Iron Age and Roman Britain. In: Bayley, J. (Ed.), Science in Archaeology: an
Agenda for the Future, English Heritage Occasional Paper 1, London,
pp. 127e143.
Van der Veen, M., Livarda, A., Hill, A., 2007. The archaeobotany of Roman Britain:
current state and identiﬁcation of research priorities. Britannia 38, 181e210.
Van der Veen, M., Livarda, A., Hill, A., 2008. New plant foods in Roman Britain d
dispersal and social access. Environmental Archaeology 13 (1), 11e36.
Van Haasteren, M., Groot, M., 2013. The biography of wells: a functional and ritual
life history. Journal of Archaeology in the Low Countries 4 (2), 25e51.
Van Scheepen, A., 1989. The evidence of pollen for the environment of the
Amphitheatre. In: Fulford, M. (Ed.), The Silchester Amphitheatre: Excavations of
1979e85, Britannia Monograph Series, vol. 10. Society for the Promotion of
Roman Studies, London, pp. 147e159.Please cite this article in press as: Lodwick, L.A., Agricultural innovations
and fodder from Calleva Atrebatum, UK, Quaternary International (2016)Wallace, M., Charles, M., 2013. What goes in does not always come out: the impact
of the ruminant digestive system of sheep on plant material, and its importance
for the interpretation of dung-derived archaeobotanical assemblages. Envi-
ronmental Archaeology 18 (1), 18e30.
Weber, M., 1958. The City Translated by D. Martindale and G. Neuwirth. Free Press,
New York.
Williamson, T., 2003. Shaping Medieval Landscapes: Settlement, Society, Environ-
ment. Windgather Press, Macclesﬁeld.
Wooders, J., Keith-Lucas, M., 2000. Iron Age pollen. In: Fulford, M., Timby, J. (Eds.),
Late Iron Age and Roman Silchester: Excavations on the Site of the Forum-
Basilica 1977, 1980e86, Britannia Monograph Series, vol. 15. Society for the
Promotion of Roman Studies, London, pp. 523e533.
Woolf, G., 1993. Rethinking the oppida. Oxford Journal of Archaeology 12 (2),
223e234.
Zohary, D., Hopf, M., Weiss, E., 2012. Domestication of Plants in the Old World: the
Origin and Spread of Domesticated Plants in South-West Asia, Europe, and the
Mediterranean Basin. Oxford University Press, Oxford.at a Late Iron Age oppidum: Archaeobotanical evidence for ﬂax, food
, http://dx.doi.org/10.1016/j.quaint.2016.02.058
